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Ttie  dailr  parasicidn  rata  vas  detarDlDed  to  be  a fuactton  of 
leafalnar  and  paraaitoid  deaaltlae  and  Is  axpreaaed  by  the  equation: 

Y a Kp. 02.(1  -axp(-D^/Kh)  where  Y Is  the  nuabar  of  hosts  parasitised/ 
day.  Yp  la  7,3908  hosts  parasltlaed/parasitold-day  aod  th  la  0.0144 
laaCeinar  larvaa/aq  cm  leaf  area.  Laafnlner  density.  Op  ranged 

ranged  from  I to  S/caga. 

The  rate  of  dally  host  oortality  la  daacrlbad  by  the  oquatloo 
Z ■ Cp. 02.(1  -Bxp(-n2/Ch)^ where  Z is  the  nusbar  of  hosts  killed/ 
day.  Cp  la  9.2064  hosts  killed/paraaitoid-day  and  Ch  is  0.0165  leaf- 
Blnar  larvae/aq  ca  leaf  area. 

were  highest  in  the  first  4 h of  a 24  h period,  with  12  h of  light 
followed  by  12  h of  dark.  More  12D-h-old  larvae  ware  parasitised 
and  killed  than  were  96-h-old  larvae  whan  both  ages  of  larvae  were 
equally  available  to  a feasla  parasltold.  An  average  0.8.  l.l.  1.35 


CHAPTEB  I 
INTRODUCTION 


1940fl  ties  led  to  the  eaergeoce  of  Llrioatta  species  leefetners 
as  iaportant  peats  of  coascoi  chrysentheauOi  celery  and  easy  other 
coBoerclal  crops  grown  In  Florida  (Schuecer  1981).  The  worldwide 
spread  of  Llrioevaa  trlfolli  (Burgasa)  In  Che  past  decade,  la 
addition,  nade  ic  an  International  pest  <Poe  and  Honts  1981a).  The 

Florida  conditions.  New  or  previously  unused  insecticides  have 
been  Introduced  whenever  conteaporary  ones  becaae  ineffective 
(Lelbee  1981b),  but  these  have  provided  only  short  tera  relief. 

The  period  of  effective  use  of  a newly  introduced,  broad-apectrua 
Inaectlcide  has  usually  been  followed  by  loss  of  control.  The 

Damage  due  to  inaecclclde-lnduced  outbreaks  of  leafainers  can 
be  reduced  greatly  if  the  insecticide  is  selected  carefully  along 
with  population  monitoring  and  the  use  of  economic  thresholds 
(Naddill  1981).  Only  recently  have  host  specific  insecticides 
become  availsble  for  leafainers  (Robb  and  Parrella  1984),  Sons  of 
these  chemicals  are  still  awaiting  clearance  for  commercial  use  on 
coaeto.  (Fluker  personal  communication  1986).  As  s result  of  the 
failure  of  long  term  control  of  the  pest  with  insecticides. 


growers  have  eehraced  the  current  phlloaoph;  of  integrated  pest 
nanagenent  (IPM)  approach  (Poe  1985). 

Action  threaholda  have  been  eatabllahed  for  leafainera  on 

1960).  The  role  that  the  natural  eneaiaa  plaf  In  decerBinlng  hoot 
population  daoaltlas  has  subsequentl)'  becoae  crucial  to  snr  IPfi 
strategf  Cor  Leafniner  regulation.  For  example,  onlp  live 
leafeiner  larvae  are  counted  In  deterainlng  if  laafoinera  have 
reached  the  threshold  level  that  requires  insecticide  application. 
The  role  of  natural  eceeies  la  recogniaad  and  taken  into 
conelderatlon  bp  excluding  larvae  killed  bp  perasltoida.  Aa  a 
further  reflneDent  of  IPH  cacttcs,  aanp  current  research  progress 
are  directed  toward  deterDlnlng  the  role  of  natural  aneales  in 
regulating  laafffliner  populations  to  sake  IPH  prograsa  sore  robust 
(Perrella  et  al.  1965.  Schuster  1965,  Zehnder  and  Trusble  1965,  and 
Lindquiat  and  Casep  1965). 

Leafiiner-paraaicoid  Interectlon  was  a focus  of  Che  leafsiner 
population  dpneslcs  oodel  for  celsr;  proposed  bp  Sserage  et  al. 
(1960)  and  provides  an  excellent  framework  for  the  elucidation  of 
the  role  of  natural  eneaiea  In  regulating  leafoiner  populations. 
Their  model  pertained  to  withln-fleld  populations  of  eggs,  larvae, 
pupae  and  adults  of  leafmlnera  and  its  paraaltoids,  broadly 
expressed  as  processes  chat  contribute  to  the  overall  dynaaica  of 
the  oodal.  Other  processes,  such  as  parasitlaa,  were  also 


incorporated 


One  hypothesis  about  the  race  of  peraslclsB  is  chat  Ic  Is  a 
fuhccloa  of  host  and  paraslcold  dsDaitlea.  Holllng  (19S9)t  for 

end  paraslcold  deealciaa.  An  increase  lo  either  density  led  to 
higher  peraaiclsa  rate.  This  hypothesis  aotlvaced  Saerage  at  al. 
(1960)  Co  uciliae  the  fanily  of  curves  depicted  In  Figure  1-1  Co 

densiciea  and  the  nuaher  of  hosts  paraalcicad/day.  The  scale  of 
Che  fsaily  of  curves  vaa  sseuoed  by  Saerage  ec  al.  (1980)  to 
fluecuece  with  ceopersture. 

Kusgrave  et  al.  (I960)  nade  soae  coaputer  ainulationa  of  the 

vere  derived  iron  hypothetical  values  and  preliainary  estlraaces. 
The  results  of  the  siBulatlons  vere  encouraging  enough  to  varrsnc 

Several  vorkers  in  Florida  are  scrivlng  for  sore  coaplete 
quantlcacive  descriptions  of  Che  biologies  of  leafBiners  and  lea 
paraslcolds.  This  includee  research  in  better  esciaacea  of 
paraaecera.  The  ulclQeCe  aim  of  this  research  is  lo  incorporate  a 
leafniner  oodel  into  IFH  strategies.  Ae  results  becoBe  available, 
they  Bay  be  incorporated  into  the  Saerage  et  al.  (1980)  BOdel.  An 
alternative  Bodel  Bay  becoBe  necessary  If  the  new  inforoaClon  can 
not  be  readily  incorporated  into  the  etlsting  oodel  without  major 
structural  changes. 


Typical  funcclonal  deacripclon  of  a 
Slagle  parsaicold  parasiclsn  (figure 
Saersge  1980). 


quantlcaclvft  infornatlori  about  tha  biologtaa  of  leafffllnera  aad  ttialr 
Boat  coBBon  paraaitolda  and  2)  eaBpllng  procadurae  to  aatlBaca 
pcpulatlona  of  the  feafalnara  and  Ita  Bajor  parasltolda.  K Bajor 
threat  of  reaearch  efforts  has  been  the  Beasureoent  of  facundttj, 
longevity  and  devalopBeot  of  laafslnara  and  fta  paraaltolda  on 
different  crop  and  seed  hoots  and  at  different  teaperaturas. 

feeding  actlTltlas,  have  been  reported  to  follow  clrcadlao 
patterns.  These  are  also  being  studied  for  the  leafainer  and  Its 

parasltoid  Internctlona.  lo  particular,  the  estent  to  which 
leafainer  and  parasltoid  denoltles  deterBloe  the  rate  of  leafolner 
parasitise  la  being  Investigated.  Parasltizatloo  of  a host  refers 
to  the  act  of  utilizing  a host  for  ovlposltlon.  Parasltolda  Ba^ 
also  kill  hosts  without  ovipositing  on  them.  Therefore,  the  effect 
of  host  and  parasltoid  density  on  the  rate  of  pnraaltoid-lnduced 
host  mortality  Is  also  being  Investigated.  The  term  parasitold- 
Induced  host  mortality  Is  froo  hereon  used  to  refer  to  the  sub  of 
hosts  killed  by  parasltolda  for  ovlpoaltional  and  non-ovipoaltlonal 
purposes.  In  other  words.  It  is  the  number  of  successful  attscks 
by  parasitotds  that  lead  to  death  of  hosts. 

More  than  one  egg  of  a parasltoid  Bsy  be  depoelted  when  a host 
la  paraaitlsed.  ffultlpLa  ovlposltlon  Bay  lead  to  reduced 
survivorship  of  Che  progeny  of  parasicoids.  In  addition,  not  all 


host  Isrvse  007  be  equelly  eccepteble  Co  parasltolda  for 
ovipoaiciooal  or  noa-ovlpoaitional  purposes.  Therefore,  there 

prefereace  for  a particular  alee  of  leafaioer  larvae. 

The  objeccivee  of  Che  research  presented  here  were 


paraaltold  deasltles,  * 


fecundlcp,  fenale  paraelcold  lon&evlcp  shd  peresitold-lnduced 
■ortalitp. 


3)  To  decernloe  the  role  of  tiee  of  dar  od  paraalcold 
ovlposicioD  aad  paraslcold-lnducad  boat  aortallcy  rates  during 

4)  To  deternlae  Che  ioflueuce  of  host  age  on  parasitold 
ovipoaitlon  and  peraaicoid-lnduced  hose  eorCalltr. 

5)  To  deteralne  the  lofluence  of  QUlciple  oviposlcloh  by 
paraeitoid  oa  the  aurvivorahip  of  the  paraaicoid  progeny. 

In  the  Seerege  et  al.  aodel  (19BG),  all  paraaltold  species 
were  aggregated  Into  a single  equivalent  parasitold  population 
slepllfy  Che  sodel.  Thera  are  oany  parasltolda  that  attack 
LlrloHTza  critolil.  however.  In  addition,  the 


biologies 


these  different  species  very.  Tor  Che  resestch  presented  here 
vae  possible  Co  Investigate  only  one  pacaaitold  species, 

DielTPhua  Internedlus  fGlrault).  with  Che  resources  and  tlae 

P.  Intereedlue  was  chosen  ae  a representative  natural 
eneay  of  the  leafaloers  for  two  reasons.  _D.  Interaedlua  Is  one 
of  the  three  eost  cosBon  pareslcolds  reared  froo  leafBlners  on 
tonato  In  Florida  Cthe  ocher  two  ere  ChryaonotonTia  sp. 
(Bulophidae}  and  Oolua  sp.  (Braconidae) } (Schuster  1S8S). 
Interaedius  Is  an  ectoparasitoid,  laying  its  eggs  on  or  near  Che 
host  larva  (Hendrickson  and  Barth  1978).  This  isakes  D. 
interaedius  easier  to  observe  chan  either  Chryaonotemyla  sp. 
or  Oolua  sp.,  which  are  eodeparasitoids  (Lena  1976). 

Before  Iniciecing  any  eiperloental  work,  the  llterscure  on 
leafBlner  and  D.  Interaedius  was  reviewed  (see  Chapter  II). 

To  study  the  biology  of  the  paraaltold  and  Its  interaction  with 
leafalnera,  experioents  should  ideally  be  done  in  the  field.  It 
not  possible  to  vary  a single  factor  and  keep  all  ethers  constant 
in  Che  field,  however.  All  experlnenca  were,  therefore,  dene  in 
Che  laboratory.  L.  trlfolli  and  D.  Intemedlua  were  initially 
collected  froe  tonato  fields  and  subsequently  reared  on  tosato  In 
controlled  environmental  conditions  to  ensure  an  sdequate  supply 
use  in  the  experiments.  The  insect  rearing  techniquea  are 
described  in  Chapter  III. 

The  first  series  of  replicated  experlBeoCs  determined  Che 
Influence  of  temperature  on  D.  internedlus  fecundity,  longevity 


and  D.  In tarBfld jus- induced  hcsc  ncrcalit?  (Chapter  IV), 

Hendrickson  and  Barth  (1976)  had  ehcvn  Chat  internedlua 
uauallj  oviposited  on  3rd-iDBtar  hosts  although  it  killed  ell  three 
Inetere.  Leeieiner  lervee  in  their  3rd-inatar  were  kept  in  petrl 
dishea  end  placed  in  3 incubators  each  set  at  a different  conacent 

introduced  into  each  petrl  dish.  Killed  hosts  and  parasitized 
heats  were  counted  dailp.  Leefainer  larvee  froa  Che  previous  day 
were  replaced  with  Bore  3rd-inscar  larvae.  The  peer!  plates  were 
(taintained  until  the  feoale  peraaitolds  died. 

In  the  tenperature  range  studied,  the  teoperature  dependence 
of  F,  Che  average  fecundlep  per  adult  female  lifespen,  was 

F . -196.11  + 42.65T  - I.IT^  (r^  . .65)  (1) 

killed/adult  female  lifeapan,  was  deacribed  bp  Che  eguation: 

Rm  . 721.97  - 19.1T  (r*  . .83)  (2) 

Finally,  Che  teBperacure  dependence  of  L,  Che  average  female 
paraaitoid  longevity  in  days,  was  deacribed  by  the  aquation: 


(3) 


In  these  and  ell  subsequent  equations,  T denotes  tenpereture  in 
degrees  Celsius.  As  a feaale  parasltold  aged,  dail;  parasitlso 
and  paraaitoid-loduced  host  aortality  rates  declined.  Tenpereture 

perasltold.'lnduced  host  nortalicp  rates  peak.  With  aa  Increase  in 
tenperature,  these  peaka  sre  reached  earlier. 


paraaitold-inducad  host  aorcallcj  and  paraaltization  were  done  in 
a controlled  environsent  rooB  (Chapter  V).  The  rooB  wea  naintalned 
at  23-27  C.  Fluorescent  lighting  vas  turned  on  at  0600  b and  off 
at  2000  h.  A 3-dap-old  feaale  parasltold  fenale  was  Introduced 


hours,  for  the  first  12  h of  a 2&  h dap, 
with  20  more  3rd-lnatar  larvae.  The  nun 


sc  larvae.  Every  4 
larvae  were  replaced 


parasitised  were  counted  for  each  tine  period. 

0,  Internedlus-lnduced  host  aortalltp  and  parasltlsatlon 
were  highest  between  0800  and  1200  h.  There  was  an  alnost  conplete 
absence  of  paraaltiSQ  and  peraaltold-lnduced  host  aortalltp  in  the 

utilized  In  deceralning,  for  ezaaple,  when  to  sprap  during  Che  dap 
to  produce  Che  least  effect  on  parasltold  densities. 

inatar  larvae  for  ovlposlclon  was  also  decerained  (Chapter  VI).  An 
equal  nuaber  of  2nd-  and  3rd-lnstar  host  larvae  were  aade  available 
Co  feaales  singly  cootined  to  peer!  dishes.  SlgnlflcancLp  aore  3rd- 
Inecar  larvae  were  paraaltlsed  and  killed  chan  were  2nd-lnsCar  larvae. 
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parAaiccid-lnduce^  heat  aorcalitp,  aa  functlgna  of  Koat  and 
parealtoid  danaltleat  are  reported  in  CKapter  VII,  Fesale 
Internediua.  along  vlth  coaato  planta  ccntalninB  3rd-lnacar 
lea/einer  larvae,  were  confined  Co  cegea  in  a concrolled 
environeanc  rooe.  The  ceoperacure  in  the  cooio  wea  nalncalned 
within  the  25-27  C range.  Each  cage  contained  I,  2,  3,  4,  or  5 
4-dai-old  feaale  paraaicolda.  The  denaltp  of  leafminer  larvae  waa 
altered  bp  exposing  clean  coasto  planta  to  different  densities  of 
lesfainer  adulce  for  different  ciae  intervals.  At  the  end  of  12  h 
of  exposure  to  paraaitoids,  plants  were  reoeved,  leaf  area  waa 
■easured,  and  the  nuabera  of  hosts  psraaltlaed  and  killed  were 

The  data  obtained  fros  the  experlBenta  were  utlllxed  to  obtain 
estlraacea  of  pacaneters  peralctlng  description  of  the  relationahip 
between  the  rate  of  paraaltlsa  and  the  denaitiea  of  L.  trlfolll 
and  D.  Interaediua  bp  the  equation: 

V - rp.njd  -axpC-nj/Th)  Cr^  - .79)  (T  • 25-270  (4) 


where  Y.  the  perasltlsB  rate,  is  the  number  of  hosts  paraslciaed 
per  day.  In  (A),  Ip,  with  e value  of  7. 3908,  la  a constant  with 
the  unite  nuisher  of  hosts  paraaltixed/parasltoid-dey.  Denaitiea 
nj  and  n,  are,  respectively,  paraaltolds/cage  and  leafnlnere/ 


leaf  area  (ce^)  aa^  Sh,  another  oonatanCi  la  O.Oiaa  leafolner 
hoata/lea£  area. 

Reaults  of  the  experioenta  alao  were  utlllaed  to  foreulate 
the  alallar  bet  pereQetricellj'  different  eRaatlon  C5)  below  that 
expreesee  parasltoid-induced  host  nortalitp  aa  a fuaction  of  boat 
and  parasitoid  denaltles  at  23-27C: 

Z . Cp.njd  -Bip{-n,/Ch)  (r^  . .78)  (T  - 25-27)  (5) 

where  Z.  the  paraeltoid-induced  boat  aortalitp  rate,  la  the  nueber 
of  hoata  killed  par  dap.  With  a value  of  9.2064,  Cp  ia  a constant 
with  the  nnlta  nuaber  of  boats  kllled/pncnaltoid-dap  and  Ch  la 

The  affect  of  aultiple  ovlpoaltlon  on  aurvival  of  propenp  la 
Important  In  estimating  Che  parasitoid  denaltp  in  Che  following 
generation.  To  scud;  this  effect,  parealcoid  eggs  were  kept  at  4 
different  densities  on  host  larvae  in  the  experlsenc  reported  lo 
Chapter  VIIl.  An  average  0.8,  l.I,  1.35  and  0.98  eggs  became 
adults  when  1,  2,  3.  and  4 eggs,  reapeccivelj,  were  kept  on  each 

The  reaults  of  all  experiments  reported  la  this  dlasertncion 
are  susmarlzed  in  Chapter  IX.  In  this  final  chapter,  I have  also 
hppotheclaed  that,  Xe,  the  number  of  paraelcold  eggs  reaching  the 
adult  atage/100  boat  larvae  killed  ma;  be  described  bj  the 


eg nation: 


leafBln«r9/leaf 


relactoaahlp  would  be  true  st 
eurvivuraip  of  eg|a  to  adult  e 
tenperaturea.  Thia  e^^uatlon  w 


5-27  C taoperature  raope  calf 
age  waa  act  reported  at  other 


diacrlbutioo  of  parasltold  egga  deealetee  on  boat  larvae  at 
different  boat  danaitlea  aa  reported  in  Chapter  TII,  aed  the 
obaerved  aurvlval  ratea  of  different  denaltlea  of  paraaltoid  egga 
on  boat  larvae  aa  reported  in  Chapter  VIII.  Although  it  la  not  a 
auhatieute  for  a conprebenalve  leafiiner-parasitoid  lodel  which  haa 
provlsiona  for  stage  apeclflc  aortalltp,  le  provides  a crude 
eatintate  of  the  number  of  paraeltoida  expected  in  Che  next 

a quick  estimaca  of  the  denaitf  of  paraaitoida 
le  next  generation. 

aumaarlztng  Che  reaulca  and  auggeeting  the 
te  also  suggested  Chat  the  classical  biological 
be  neglected.  Exploration  of  ocher  regions  for 
leafminer  paraeltoida  not  found  in  Florida,  and  subsequent 
iiportscion  and  escablishaenc  of  these  in  Florlde  should  alao  be 
serioualf  considered  in  the  tomato  IPM  program. 


neceasary  Co  obci 
Co  be  expected  Ir 
In  addition 

approach  should  r 


CHAPTER  II 
LITERATURE  REVIEW 

TcBAto  Production  in  FIoridA 

In  aooetary  terua.  the  toaeto  Is  the  aoet  inportent  vegetable 
crop  grown  in  Florida  (Cantliffe  1985).  Total  value  of  the  crop 
increased  fros  tl22.3  elllion  in  the  1973/74  aenaon  to  $390.6 
Billion  in  Che  I9B2/83  season  (Van  Stchle  sad  Bellbasls  1985). 
ToBaeo  acreage  has  increesed  from  31,500  acres  in  the  1974/75 
seaeon  to  47,600  acres  in  the  1983/84  seaaon.  Hanscee  and 

harvested  acrae  in  Che  1983/84  seaaon  while  Dade  county  harvested 
12,800  acres  in  Che  saoe  season  and  Collier  and  Hendry  counties 
harvested  9.375  acres.  These  three  regions  accounted  for  40,075 
acres  of  Che  47,600  total  acres  harvested  In  Florida  (Van  Sickle 
and  Belibasis  1985).  The  yield  of  coiacoes  has  increased  froa  an 
average  796  25-pound  boxes  per  acre  in  the  1973/74  season  to  an 
average  1,250  boxes  in  the  1981/82  season  (Van  Sickle  and  Belibasis 
1985). 


An  iaporCanC  aspect  of  CoBato  production  in  Southern  Florida 
le  the  perceived  coapetltlon  froB  West  Mexico  producers  for  the 
O.S.  domestic  Barkec.  Both  regions  supply  a large  part  of  Che 
Eastern  O.S.  winter  deeand  for  fresh  coBaCoes.  Van  Sickle  and 
Belibasis  (1985)  have  shown  that  Florida’s  share  of  the  toBsto 


Florida’s  share 


vldeapread  use  of  hybrid  varieties  such  as  'FTE-12',  'Duke'  aad 
'Sunny'  has  contributed  to  Florida’s  conpetetive  edge  over  West 
Mexlcoi  according  to  those  authors.  These  hybrids  have  higher 
yieldsi  tiraer  fruits  and  concentrated  productioo  compared  to  the 
traditional  varletiea.  Fields  are  nov  picked  only  2 or  3 Claes, 
vhereas  the  previous  practice  vas  to  pick  na  many  as  3 times.  In 

less  than  chat  for  fiexican  tomatoes  (Van  Sickle  and  Belibasis 

The  competitive  edge  has  also  been  sustained  by  keeping  down 
Che  costs  of  peat  coocrol.  Twice  weekly  sprays  Just  to  control 
leafminers  was  the  recommendation  to  growers  by  the  University  of 
Florida’s  losCituCe  of  Pood  and  Agricultural  Sciences  (IFAS)  in  the 
1960's  (Brogdon  ec  al.  1970).  Spray  applications  by  a typical 
grower  for  control  of  all  peace  were  reduced  to  Id  per  season  by 
19fl0  (Prevatt,  peraonal  communication).  The  costs  (in  197S/I979 
prices)  of  peat  control  ranged  from  S22B.79  to  $438.20  per  acre  in 
1978/1979  season  CBrooke  1930).  In  1934/33,  these  costs  Cin 
1934/1965  prices)  ranged  from  $453.43  to  $501.96  per  acre  (Van 
Sickle  and  Bellbesie  1985). 

Production  Methods  gelevant  to  Peat  Hananement 

There  are  two  tomato  growing  sesaons  a year  in  the  Xenatee- 
Hillsborougb  area  of  Florida.  The  110-day  fall  season  eCarca  in 
late  August  and  ends  In  December.  The  120-day  winter  season  lasts 
from  January  to  April.  In  Che  Dade.  Collier  and 


>n  extending  froa 
regions  of  the 

These  decisions 


spprosifflstelr  hoveabsr  to  February.  In  nort 
state,  toeatoes  are  grovn  during  Che  spring 
decisions  are  Bade  throughout  the  growing  se 
ere  discussed  below. 

Land  selection.  Host  growers  use  the  same  field  only  in 
alternate  or  every  fourth  season  for  growing  tomato.  Some  growers 
avoid  using  fields  with  a previous  history  of  cooslscently  bed 
yields  stcrlbucable  to  soil  pathogens  or  neiatodes  (personal 
communications) . 

Land  preparation.  Rocovating,  fornlng  raised  beds,  preparing 
irrigation  and  drainage  ditches,  fertilising,  fumigating  and 
covering  with  scrip-  or  full-bed  plastic  mulch  are  Che  cultural 
practices  commonly  enployed  in  preparing  the  land  for  plancing.  The 
soil  pH  should  ideally  be  maintained  In  Che  6.0  to  6.5  range 
(Hochmuth  1985).  Crop  losses  due  to  Pussrlum  wilt  (Fuaarlum  osysnor 
f.  sp.  iTcooerstni  (Saccardo)  Snyder  end  Hansen  races  1,  2.  and  3), 
Fuaarlum  crown  rot  (F.  osysporum  f.  ap.  radleia-lvcooeralcl  Jarvla 
8 Shoemaker),  southern  blight  (Sclerottnlnm  rolteii  Seceardol.  and 
and  many  nematode-iociced  diaeaaaa  can  be  reduced  by  adjusting  the 
pH  ta  within  the  6.5  to  7.5  range  (Jones  and  Overman  1985). 

Other  soil  pathogens  are  aot  easily  managed  by  eimply 
regulating  the  soil  pH.  Theee  organleme  ionlude  Vertinllllum  wilt 
(VerticillluB  albo-etrum  Reinke  and  Barthold  races  I and  2),  the 
daaplng-off  disease  caused  by  Rhlsoctonla  solanl  Ruha  aod  Pythlua 
epp.,  Pyrenochaets  browo-rot  (Pyrenoehaeta  ItcoDeralel  Schneider  and 


Geralsch),  and  bacterial  vllt  IPaeudoaonae  aolaoacearuB  E.  F.  Salth}. 
Thaaa  organlsne  are  ccncrollad  with  aoll  fualganta  (Jones  and 
Overaan  198S).  Hochiuch  (1963)  racoanenda  that  ac  lease  SOX  of  the 
nitrogen  should  be  in  the  nitrate  form.  Bloaaoo-end  roc  and  soil 
conditions  favorable  Co  fuaariuo  wile  can  occur  aa  a result  of 
reduced  calciua  uptake  If  ouch  of  the  nitrogen  is  in  the  aBuaoniacel 
fore.  He  also  points  out  that  sone  pesticides  contain  eleaents 
chat  are  essential  aicro-nucrlents  for  the  toeato.  These  licro- 
nucrlents  should  not  be  given  separatelf  if  previous  soil  analyses 
indicated  chat  they  were  lacking  and  if  pesticides  containing  the 
micronutrients  are  Co  be  used.  Toxicity  could  occur  aa  a result  of 
build  up  of  some  eleeents,  Excess  copper  could  Induce  iron 
deficiency,  for  exeaple. 

ToDato  yields  can  be  Increased  greatly  by  reducing  the 
diseases  caused  by  soil-borne  pathogens  by  using  ocher  Qethods  in 
addition  to  proper  lining  and  fertilizing  reglaens.  This  involves 
Che  use  of  grower-inposed  quarantines,  exclusion  of  infected 
aaterials,  reaoval  and  Incineration  of  crop  residues,  the  use  of 
reaiacent  cultlvars,  and  soil  funlgacion, 

keslstant  cultlvara.  ’Sunny’,  'Duke',  ’FTE12',  ’Hayallp', 
and  'Floradade'  coiaco  cultlvara  accounted  for  96X  of  the  total 
acreage  in  Florida  in  the  1984/85  season  (Hawkins  1985).  Host 
eultivara  In  current  use  in  Florida  are  resistant  to  race  1 
verticillluB  wilt  hut  not  to  race  2 (Jones  and  Oversan  1985).  They 
oxysporue  f.  sp.  Ivcooerslcl  raeea  1 and  2 


and  Co  grar  leaf  apoc  (SteaphTllum  aolani  Weberl  (Ma/nard  1986). 
scocc  (1986)  hsa  ahovn  Ccue  rnslsCanoo  Co  Fusarlun  vile  race  6 to 
LA716  fLacoparalcon  panellil  (Coppall)D'Arcy)  accesalon.  AdTanced 

pv,  vealoaCoria  (Doldga)  Dye),  baccartal  wile  (PaeudoBonaa 
aolaoaeeanjn  B.  P.  Soich)  or  fuaarlum  crowo-roC  ahould  occur  tn  Cbe 
naic  Cvo  yeara  (Scott  I98S). 

Soil  fuaiaatloo.  It  la  aaaancial  to  uaa  broad-apectruB 
fuBiganca  even  whan  all  Cha  other  Cac 


Co  control  the  aoil-bcrne  pachogana.  The  funlgaoca  ioclude 
BBChylbrcnide  * chloroplcrlo,  chloroplcrln  + oeBacicldea,  and 
Bathyllaochlocyanata  + oaBatlcldaa  (Jonaa  and  Ovarnan  1983). 

Waed  control.  Sighcahnda  (Solanum  aaerlcanuB  mil.)  ia  the 
Boat  taporcanc  waad  in  aouchvesc  Florida  (Sllreach  1963).  Ic  balonga 
to  the  faBlly  Solanaceae  aa  does  Che  tosaCo,  Bacauae  of  cha  clone 
ganaclc  relatlooahip  bacween  Che  two  plane  apeciaa,  toQaeo  would 
likely  be  injured  If  herbicidea  were  used  Co  control  nlghtahade. 

Kerblcldea  can  be  uaed  Co  cootrol  nlgbcahade  If  the  tOBaCo  la 
grown  on  aulched,  seepage  Irrigated  beds  and  the  spray  la  directed 
to  the  row  alddla  ao  that  It  does  not  concacC  the  tooato  plant 
(Gllresth  1965).  Gllreath  (1985)  found  chat  paraguac  (Paraquat  *^), 
aatrlbuBln  (Sencor"  /Lexone'),  and  other  labeled  herbicides 
will  control  nightshade  It  applied  to  nlghtahade  lo  the  2 to  A true 
leaf  ataga  of  developaent.  Older  plants  and  chose  hardened  by  cold 
or  ocher  factors  would  not  be  adequately  controlled  by  labeled 
heblcldea.  Sllreach  (1965)  has  eraluated  several  new  currently 


tinreglst«red  herbicides  for  their  efdcec;  egeinsc  nightshade  end 
ocher  weeds  in  toaato.  Re  found  Chet  a combination  of  osjfluorfen 
(Goal  ) and  fleuzifop  (Fusilade  2000^)  provided  the  beat 
control  of  nan;  weeds,  including  nlghcahade  and  grasses,  and  Chat 

Goal"  will  be  registered  for  use  In  mulched  tomato  middle  in  the 

ragweed  fAabroela  artemealfolla  L.),  fiedicaao  epp.,  common  beggar- 

L.).  Almost  all  weeds  other  than  nightshade  are  eaellp  controlled 
bp  currentlp  registered  herbicides.  Nutsedge  is  controlled  bp 
methplbroaide,  for  eiample  (Dunn  1985). 

Foliar  disease  aaoanement.  Regular  maneb/mancoaeb  and 
copper  applications  are  made  to  control  bacterial  infections. 

Thep  have  to  be  used  carefullp.  Certain  copper  and  mancozeb 
combinations  map  lead  to  higher  incidence  of  target  spot 
(Corpoesoora  cassllcola  (Berk.  S Curt)),  than  the  use  of 
chlorothalonll  (Jones  and  Jones  1984).  Conover  and  Gerhold  (1981) 
shoved  chat  maneb  or  mancozeb  alone  were  more  effective  than  a 
coabinatton  of  basic  copper  sulfate  with  either  maneb  or  mancozeb 
In  controlling  lace  blight  (PhTtophthora  Infestann  (Honcagne)  de 
»arp)  and  grap  leaf  spot.  Hecalaxpl,  which  Is  now  registered  for 
use  on  tomato,  gives  excellent  control  of  Che  tomato  lace  blight, 
and  related  fungi  (Pohroneznp  1985),  Samoucha  and  Cohen  (1984) 


Kave  shown  a high  degree  of  croae-reslatance  to  other  coapoonde  by 
fungus  blocypea  that  have  realscance  Co  oecalazyl,  however. 

A waacher-baaed  ayscee.  BLIThCAST,  predlcca  oucbreaka  of  late 
blight  and  la  used  in  oany  parts  of  Che  country.  Ic  has  not  been 
very  useful  under  Florida  coaditlona,  however.  First  oucbreaka  of 
late  blight  occur  such  later  chan  predicted  by  0LITECAST 
(Fobroneany  1933). 

Inaeet  nest  aanagement.  The  tonato  la  daoaged  by  direct  and 
Indirect  Insect  peats.  Direct  pests  attack  the  narketed  product, 
the  fruit.  The  araywcras  fSoodoptera  eridanla  <Craeer).  eaiaua 
Hubner),  and  _S.  dollchoa  (F.)),  Che  COfflBCo  plnworn  telferla 
lycopersleella  (Walalnghan)),  the  tonato  frulcworn  (HeUothia  aea 
(Boddle)),  the  tobacco  budwora  (H.  virescens  (F.)),  and  Che  southern 
green  atlnk  bug  (Sesara  vlrldula  (L.))  are  aoie  of  the  direct 


Indirect  Insect  peats  of  Coeato  Include  lesfolners  as  well  as 
nose  of  the  peats  listed  above  when  they  danage  plant  parts  ocher 
than  tho  fruit.  Defoliation  could  result  In  reduced  phocosynchetlc 
activity  and  reduced  fruit  size.  The  aun  say  scorch  fruit  on  the 
vine  If  leaf  shade  is  renoved  by  defoliation  (Huagrave  at  al.  1975). 
Pathogens  nay  exploit  damaged  parts  for  Invasion  of  the  plant. 
Alternarla  aliernata  (Fries)  Selslar,  which  la  weakly  paraaltic. 
and  lanthononas  cacpestrla  pv.  veaicacorla  enter  leafmlnea  to 
Invade  the  tonato  (leularts  1980). 

Ghaalcal  control.  Several  effective  Insecticides  are  available 


by  growers  (Johnson  1985).  Permethrln  (Anbush* 


Berhomrl  (Lannate*^),  andoaulfan  (Thiodan"),  and 
(Honltor  ) are  aoaa  of  Che  popular  laaeecUldea  for  coocrol  of 
tomato  toeact  pasts.  Avermectln  (Avid")  aod  cTroaaaine  (Trijard') 
ara  nav  Inasccicidae  Chat  are  effecciva  agaioat  leafataeca  (Schaster 
aad  Everett  1963],  but  they  are  currently  not  raglatered  for  use 
against  laafainers  on  coaato  In  Florida.  The  effect  of  Inseccicldea 
00  laafainers  and  their  natural  enemies  is  described  In  detail  In 
the  section  on  laafmloer  control  In  this  chapter. 

Integrated  peat  aanaeaBent.  There  are  essentially  two  types 
of  atracegies  for  Insect  monageaant  availabla  to  growers  on  tomato. 
Some  growers  treat  their  crops  when  needed.  Ocher  growers  spray  Che 
crop  on  a regular  basis  whether  they  know  peats  ere  present  In  the 
field  or  not.  Both  etraceglats  employ  reelstant  cultlvnrs,  intensive 
pre-plant  treatment  of  soli  with  nutrients  and  multi-purpose 
fumigation,  hebicldes  and  ocher  practices  such  as  staking  and 

Growers  who  treat  their  crops  for  insects  only  when  needed, 
meke  their  decisions  on  recommendations  from  professional  scouting 
coDsultentn  or  use  their  own  Judgement.  The  employment  of 
profesalonal  acouts  la  now  widespread  (Pohronasny  1985). 

Integrated  Pest  Nansgement  (IPH)  programs  were  initiated  In  Che 
Homestead  region  in  1976  (Pohronesny  and  Waddill  1978)  and,  with 
modifications,  in  the  Hnnatee-Suakln  area  in  1978  (Schuster  et  al. 
1980).  Funding  for  the  programs  was  from  state  and  federal  sources 


private  firms 
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e gravers.  TKere  are  sow  ac  leaet  tvo  Caasta  IPH 
consultant  coopaoles  in  the  Manatee-Ruskin  area,  and  one  in  the 

Sampling  methods  remain  rer;  similar  to  those  initially 
developed  by  Pboroneany  and  Ueddlll  (1976).  Scoots  In  both  areas 
spend  moat  of  their  time  In  Che  field  aampling  leafainers  and 
pinwonaa.  All  ocher  scouting  activity  la  secondary  in  Chat 
observations  of  other  peats  are  made  at  the  same  sampling  stations 
and  while  walking  from  one  station  to  Che  next.  Schuster  ec  al. 
(I9S0)  described  Che  procedure,  technique  and  leafmioer  thresholds 
for  the  Hanatee-Ruakln  area.  Sach  field  la  scooted  twice  weekly 
throughout  Che  growing  season.  More  stations  are  allocated  to 
field  boondarles  than  to  the  middle  of  a field,  as  pinworm  and 
leafminer  populations  seem  Co  be  distributed  in  clumps,  with  higher 
densities  of  these  Insects  being  found  near  boundaries.  There  is 
one  sampling  station  for  every  2.5  sores  of  a field.  Plants  are 

method  of  counting  total  mines  in  deciding  whether  or  not 
loafelners  have  reached  a population  level  that  required  chemical 
treatment.  In  considering  only  live  larvae  and  excluding  larvae 
killed  by  paraaitolda,  the  role  of  nscursl  enemies  in  regulating 
leafminer  populations  la  recognlxed  (Pohronesny  ec  al.  1984). 

r creating  lepldoptersn  pests  has  been  altered 
1 egg/fleld  after  fruiting  (Schuster  et  al. 
svlsed  the  tomato  pinworm  threshold  to  0.67 


The  threehold  fo 
m 1 lervs/fleld  to 
0).  Pena  (1983)  r 
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Iftrva/plaat  or  O.S3  foliar  injurp/plaiit.  To  save  doe  oo  tbe 
laborlouB  taak  of  counclnp  alaas,  Schuster  sod  Back  (1963) 
established  a visual  rating  system  for  assessing  total  laafnlnes. 

LlrlOBfsa  Crifolii  fBurgeaa) 

Peacriptioa 

Adult  L.  trtfolll  are  1.3  oi  long.  Tbeir  ving  length  is 
l.S  00  (Burgess  1680).  A full  description  of  s nsotypic  sale 
spsciDsn  reared  from  alfalfa  uas  given  by  Spencer  (1963).  Spencer 
(1973)  also  Illustrated  male  genitnlia,  a character  which  he  uses 
to  differentiate  closely  related  Agrosyaidae.  sativae 
Blanchard  la  often  confused  with  U crifolii.  These  species 
can  be  readily  identified  by  differences  in  four  features.  The 
curvature  of  the  sedeagua  is  sore  pronounced  in  crifolii  than 
In  L.  sativae.  The  L.  trlfolii  Besonotua  is  distinctly  greyish- 
end  sacce  while  that  of  1.  sativae  is  shining  black.  The  area  of 
the  trlfolii  upper  orbits  and  Buch  of  Che  hind  oargin  of  the 
eye  la  yellow  end  both  vertical  bristles  are  on  a yellow  background. 
The  upper  orbits  and  Bnch  of  the  hind  margin  in  L.  sativae  Is  dark 
and  the  vertical  bristles  are  on  a dark  background  (Spencer  1981a). 

Snodel-Monts  and  Poe  (1982)  used  scanning  electron  microscopy 
to  study  female  adults.  They  showed  that  L.  sativae  and  L. 
trlfolii  females  can  be  distinguished  by  Che  denticles  and  Che 
egg  guides  on  the  genlcalis.  The  denticles  are  angular  and  the  egg 
guide  la  V-ahaped  in  L.  tritolli.  In  L.  aatlvae.  the 
denticles  are  elongate  and  the  egg  guide  la 


acutely  angled.  Zehnder 


and  Truoble  (1983)  utiUied  electrophoretic  and  scanning  electron 
alcroBcopj  Cecbniouea  Co  aeparace  the  two  species. 

L.  crifolii  eggs  are  "oval,  cream;  or  trsnsluceot  aod 
approalmately  0.2  x 0.1  mo  (B.  A.  MorClser  personal  coQBunlcatloo). 
The  larva,  which  is  Inlciallr  colorlesa,  darkena  Co  ;ellow  as  it 
■acurea  and  the  pupa  is  orange-yellow"  (Bartlett  and  Powell  1981, 

p.  188). 


A dlaclngclshing  characteristic  oi  agromyzld  larvae  ia  that 
the  ancarioc  pair  of  spiracles  is  located  doraslly,  adjacent  to  the 
dorsoaeeon.  The  anterior  spiracles  are  laterally  located  in  ocher 
cyclorrhaphan  larvae  (Peterson  1979).  The  number  of  bulbs  on  the 


d aoaeclniea 


posterior  la  sometimes  useful 
There  are  3 spiracular  bulbs  li 
in  i-  huidobrenaia  Blanchard,  i 
(Spencer  1981a). 

The  larva  has  12  aegments 

distinctive  minute  tubercles  in  hi 
the  segmental  boundaries.  Huscle 
found.  The  body  tends  to  be  eylindrically  uniform  I 
and  posterior  taper  (Allen  1956).  Agromytid  larvae 
The  mandiblea  and  the  rest  of  the  much  reduced  moucl 
caphslopharyngeal  skeleton. 


n aeparating  agromytid  species. 


r closely  related  species 


thoracic  aegments,  a 

:hac  are  mainly  confined  t' 
patterns  on  the  body  are  , 


a anterior 
2 mandibles 
a form  the 


"Article  35  of  Che  Internecional  Conaission  on  Zoologlcel 

rejected.  As  a result,  Che  ecoDOBically  inporcaac  and  well-kaoen 

UrtonTce  crltolil  (Burgeas)  redutres  a new  aa«e"  (Zoeblsch 

1954,  p.3).  Zoeblach  (1954)  has  ahown  free  bis  review  of  liceracure 


since  ic  ia  a hoaonja  of  Aaroavza  trifolli  Ealtenbach. 
crltolil  (Burgees)  was  first  described  and  naaed  bj  Burgess  (1850) 
as  Oaclnls  crltolil.  Coqutllet  (1898)  placed  0.  crltolil  in  the 
genus  AnroBTza  steer  having  ajacnjalted  Che  species  with  Aaroavza 
dlalnuca.  0.  trifolli  was  placed  la  the  genus  Llrloavza  bj 
de  Heljere  (1925).  Be  was  also  the  first  to  note  the  hoaodyaj  of 
A.  crlfolll  (Burgess)  and  A.  trifolli  Ealcenbeeh.  Spencer  (1981a) 
oynonyniied  L.  alllovora  of  Frick  (1955)  and  also  U archboldl  of 
Froae  (1962)  with  L.  trifolli. 

Dlatrlbutlon 

L.  crlfolll  Is  of  nearcclc  origin.  Several  authors  put 
its  origin  ia  Florida  (Spencer  1981b!  Parrolla  and  fell  1984)  but 
the  firsc  description  of  tha  species  aade  by  Burgess  (1880)  was  of 
a spacloen  collected  fron  white  clover  In  the  District  of  Coluabla. 
This  la  Iiporcsnt  to  note  as  aany  of  Che  authors  who  place  Che 
origin  of  the  species  In  Florida  also  clala  ChaC  Che  worldwide 
spread  of  the  species  resulted  froa  the  shipping  of  Infested  plant 
■ecerlal  froa  Florida  during  the  last  decade.  The  species  was 
known  Co  exist  In  Oregon,  California,  Indiana  as  well  as  Florida 


and  was  auapecced  to  occur 
1930*s  <Frick  1959).  Thla  la  ouch  earlier  Chan  Che  reported  spread 
Into  Che  reet  of  the  U.S.  froii  Florida  as  clairaed  b;  Perrelle  and 
fell  (19B4). 

Irrespective  of  Che  contention  that  Florida  la  the  oriplo  of 
L.  trlfolll.  the  species  is  now  diatrlbuced  worldwide.  It  has 
been  recorded  in  N.  Anarica.  $.  Aoerica,  Africa,  Europe,  and  Asia 
(Table  2-1).  A distribution  sap  of  trifolll  la  available 
from  Che  Comnonvealth  Institute  of  BncosolOEr  CCIK)  in  London, 
Enslaod  (CIE  1984). 

trifolii  is  a polrphagoua  species  (Spencer  1954).  The 
reported  host  plant  range  of  trifolii  la  presented  in  Table 
2-2.  Onl;  literature  sources  published  since  1981  have  been 
utilised  in  Che  table  because  there  wae  ouch  confusion  about  the 
leafalner  species  involved  prior  to  Spencer's  (1981a)  clarification 
on  Che  differences  between  U trifolii  and  L.  astlvae. 

Renee,  the  clcetion  of  a host  plant  does  not  necaesarilr  nean  a 
first  record.  It  is  interesting  Co  observe  Chat  no  author  notes 
oore  than  lOO  species  as  hosts  while  the  total  worldwide  host  plant 
range  is  148  species  In  31  faallles.  For  eraiple,  Scegnaler  (1981) 
does  not  record  watereelon  as  a host  of  L.  trifolii  in  Florida, 
while  Poe  and  Hontr  (1981a,  1982)  record  that  the  Insect  was  reared 
froB  wateraelon  in  Tessa.  Pagoonea  and  Toory  (1984)  also  recovered 
trifolii  fron  wateraelon  in  Kauricius. 
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circular  hole  in  the  epidersia  and  drops  to  the  soil.  Ai 
other  Agroajzldae,  trlfolli  pupatea  eithii 
the  last  larval  inatar.  Adults  emerge  from  ' 
sate  on  the  first  day  (peraonal  observation) 

in  the  leaves.  These  punctures  are  larger  t1 

conditlona.  Tesperature  and  food  sources  are  especially  leportant 
regulators  of  longevity.  Charlton  and  Allen  (1981)  found  thnt  at 
23.8  C females  lived  23,7  days  and  malaa  lived  13.9  days  when  the 
the  flies  were  given  honey  in  addition  to  Che  host  plant,  black- 
eyed  pea.  Interestingly,  when  only  honey  was  provided,  sales 
lived  so  additional  1.9  days;  the  female  lifespan,  on  the  other 
hand,  was  shortened  by  6.4  days.  Supposedly,  sales  also  feed  from 

this  were  the  case,  sales  would  live  longer  when  the  host  plant  was 
made  available  in  addition  to  honey. 


35 

Leibae  found  thnt  temperature  Influenced  leafmlner 

longevicp  on  celerp.  The  femalee  Lived  27.7,  26.3,  16.6,  and  1&.6 
days  at  IS,  20,  25,  end  30  C respectlvelj  vhen  a LOS  honep  aolution 
waa  provided  with  calerp,  Parrella  at  al.  (19835J  ahoued  Chat 
female  llfeapana  were  14,  12,  and  10  dapa  on  chryBanthemuo,  celery, 
and  tomato,  reapecclvely , when  hooey  waa  alao  provided  (the  euthora 
do  not  report  at  what  temperature  Che  fliee  were  maintained). 

Fecundity.  Like  longevity,  the  egg  laying  capacity  of 
leafminera  alao  varied.  Once  again,  temperature,  hoot  plant  and 
food  aupplenenta  Influence  the  fecundity  of  files.  I,,  trlfolll 

20,  and  15  C,  respectively,  on  celery  vhen  the  flies  were  provided 
with  a lot  honey  aolution  (leibee  1961a).  Flies  maintained  at  23.6 
C on  black.-eyed  pea  laid  177  egga  (Charlton  and  Allen  1981).  An 
average  439  egga  waa  deposited  when  Che  flies  were  given  honey 
also.  The  mean  numbers  of  viable  eggs  were  298,  212,  end  39  on 
cbryaantbemum,  celery  and  tomato  when  hooey  was  also  given  to  the 
flies  (Parrella  ec  al.  1963b),  The  dally  ovlpoaltion  rates  peaked 
on  day  1,  2,  and  4 at  35,  30,  and  25  C,  respectively,  on  celery. 
Also,  ovlpoaltion  was  much  reduced  at  lower  temperatures  and  almost 
stopped  at  15  C (Leibee  1981a).  Even  though  Che  fllea  lived  much 
longer  at  the  lover  CeiperaCurea,  they  cannot  be  very  damaging  to 

Provision  of  addltlooel  carbohydrate  aources  results  In 
increased  fecundity,  ksturslly  occurring  carbohydrate  sources 


Include  floral  and  e 
CKe  flleSi  chair  fecundlej 


'floral  nectars,  and  aphid  and  ocher 

f such  eourcee  were  exploited  by 
e Increased.  Zoebiach  and 
Schuster  (in  press)  have  deHonscraced  chat  pocsco  aphid, 

HacroalDhua  eunhorblee  (Thoeaa),  hooaydew  on  cosaco  leafleta 
increased  Che  fecuodiCy  and  longevity  of  L,  trlfolil  under 
laboratory  condiclone. 

Teaperacure  regulates  the  rate  at  which  L.  trifolil  develop. 

Host  planes  also  affecc  developBental  tinea  (Table  2-3).  It  is 
Incerescing  to  note  chac  telbee  (1981a)  reports  ouch  longer 
developnental  tines  for  the  apeclea  oo  celery  chan  other  authors 
report  on  chryaaothenun,  pink  bean  and  toaato.  For  exanple,  at 
15.0  C,  larvae  on  celery  nature  after  25.8  dsya  while  larvae  pupate 
in  12,6  days  at  14.8  C on  pink  bean  and  in  10,1  daya  at  15.6  C on 
Coeato.  Why  developaeoc  cakes  Buch  longer  oo  celery  is  not  clear. 
Celery  is  not  a "bad"  host  plant  for  L.  trlfolil  since  Che  fly 
lays  coBparable  nuabera  of  eggs  on  celery  and  favored  hose  plents, 
such  aa  the  chrysancheaun  (Parrella  et  al.  1983b). 

Horcelltf . TeBperacure  also  influences  leafniner  eorCaliCy. 
Only  9.4Z  of  Che  pupae  survived  at  35  C while  alBoat  10  cines  as 

15  to  30  C (Lelbee  1981a).  Parrella  ec  al.  (1983b)  found  chaC  at 
37.8  C lOOZ  pupae  died  oo  White  Hurricane  cv,  chryeantheaoB.  The 
host  plant  also  Influences  nortallcy  of  Che  iBnature  stages. 

0 (1961)  reported  chac  total  larval  and  pupal 


CharlcOQ  a 


mortaliC7  waa  26.9,  26.8,  32.6,  and  99. OX  on  pink  bean,  bUck-ared 
pea,  ehow-off  bub  and  'fellow  knight'  bud,  reepectlTelf.  Aa 
huoldltf  la  Increaaed,  the  parcentaga  of  pupae  becoaing  adulta  alao 
increaaea.  Note  than  60X  of  the  pupae  held  at  aof  hualdltf  higher 
than  6QZ  RH  anrviTed  to  becohe  adulta. 

Circadian  behavior.  I.,  trifolli  exhiblta  diurnal  patterns 
in  many  of  its  prlaarj  behawioral  phenomena  including  feeding, 
oviposttlon,  larial  emergence,  and  adult  emergence  (Charlton  and 
Allen  1981).  Most  of  these  activities  occurred  primarily  in  the 
lace  Borniag  hours.  Most  L.  trlf olii  larvae  emerged  froB 
black-eyed  pea  leaves  between  0630  and  1330  b (Charlton  and  Allen 
1981).  Ho  larvae  exited  mines  between  1830  and  0630  h.  Adult 
emergence  was  concentrated  between  0930  and  1230  h and  no  adulta 
emerged  from  1530  to  0730  h.  Ovlposlclon  and  feeding  continued 
throughout  Che  daylight  hours,  but  the  period  of  greatest  ovlpoaltloo 
activity  was  from  1130  to  1430  h.  In  this  same  period.  Che  ratio 
of  punctures;  eggs  was  also  at  its  lowest.  Feeding  occurred 
throughout  the  day.  although  the  number  of  feeding  punctures 
was  the  lowest  during  0630  Co  0830  h and  after  2030  h. 

Zehnder  and  Truable  (1984b)  used  yellow  sticky  trap  cards  to 
Bonicor  adult  leafminer  activity  in  toaato.  They  found  that,  in 
1981,  more  L.  trifolli  were  trapped  between  1500  and  2000  h. 

But  in  1982,  equal  numbers  were  crapped  between  0700-1100  h and 
1100-1500  h with  fever  adults  Crapped  during  1500-2000  h.  It 
la  interesting  to  note  Chat  the  period  of  greateec  oviposltlon 


actlvicj  recorded  bj  Charlton  and  Allen  (1961)  coincldea  with  the 
lover  daitloie  aticky  trap  counts  eonlcored  by  Zehnder  and  Trueble 
(1982)  in  1982.  Zehnder  and  Trumble  (1982)  contend  Chat  the  high 
trap  count  periods  are  associated  with  greater  feoale  ovlposltloo 
activity,  arguing  that  Che  Bore  active  feoales  find  Che  beat 


ovipoeltioo  eltes  and  increase  the  tloe  available  for  ovipoaicion. 

Diapause.  Atteopta  by  Charlton  and  Allen  (1961)  to  Induce 
diapause  in  Californian  L.  trlfolli  failed.  Larev  ec  al.  (1986) 
have  shown  thee  trlfolli  can  overwinter  outdoors  in  Maryland. 


he  insect  probably  diapeusea  in  Che  pupal  a 
LeafBlnera  On  Toaato 


They  suepecc  Chat 
Chealcal  Control  o 

Leibee  0981b)  discussed  past  and  conteaporary  aethods  of 


of  insecticide  resistance  in  Llrloavta  spp.  leafolners  on 
vegetsbles  in  Florida.  He  discussed  the  effectiveness  or  non- 
effectiveness  of  Insecticides  used  in  Florida  until  1961  but  did 
not  specifically  nsee  the  leafoloer  species  Involved  because  of  the 
difficulty  in  verification  since  voucher  specieens  vers  not 
retained.  Several  authors  have  reported  on  the  efficacy  of  various 
chenicals  against  U trlfolli  on  cometo  since  1981. 

In  a detailed  study.  Schuster  and  Everett  (1963)  ansBined  Che 
effects  of  avereeccin.  cyroaailne,  paraethrln,  fenvalerace  (Pydrln  **), 
and  aethamidophos  on  ovipoeltlon  and  survive!  of  L.  trlfolli. 
Averiectin  and  cyroasalne  were  affective  in  controlling  the  Insect 
on  toaato  In  the  field.  In  the  laboratory,  averaectln  killed  L. 
trifolll  larvae  and  pupae  and  also  inhibited  ovipoaltlon. 


effect  oa  ovipoBltloc.  Very  few  adults  eaerged 


pupated  aucceaafullir.  liethaBldophos  resulted 
dflng  vitbin  24  hours  after 
cyrOBasiue,  or  averaectio  d] 
oechsaldophcs.  Awernectlb  1 
Isolated  froa  the  i 
ap.  (Brovo  aad  Bybas  1962).  Il 
several  ordera  aad  agslaat  alti 
iovolvea  lahlbltioa  of  gaans  ai 
aeoroQuacular  junctioa  iapulae 
has  DO  appareat  direct  effect  c 


laboratory.  Peraethria. 

itacrocycllc  lactose  aatural  product 
inlaa  Streptflaycea  averaitilla  a, 
la  effective  agalast  laaects  froo 
t and  aeaacodea.  Ita  node  of  actioo 
;nO'butyrlc  acid  (GABA)  aediated 

Although  the  chealCBl 
raortallty,  it  apparently 


Inhibits  the  uae  of  the  ovlpoaltor.  Females  are,  thus,  unable  to 
malce  ovlposltloa  or  feeding  puacturea  (Schuster  and  Everett  1983) 
Cyromazlne  is  an  Insect  growth  regulator  (IGF)  with  a aode  o 
action  that  la  suspacted  to  be  hormonal  (Parrella  et  al.  1963a). 
Lelbee  (1963)  examined  Che  doaage-responae  relationship  of 
cyroiealne  on  Che  development  of  L.  crltolll.  Incraealng 
dosage  led  to  hlgbar  larval  mortality  as  vail  as  Increaaed  number 
of  larvlform  and  other  abaormslly  developed  pupae.  Such  pupae 
failed  Co  become  adulta.  Lindquist  and  Casey  (1963)  collected  mor 
pupae  from  methomyl  creaced  greenhouse  tomato  plants  than  from 
cyromazlne  treated  plaoca.  Their  atudy  showed  that  methomyl  had  . 
adverse  effect  on  Che 


paraalce  population  density  while  neither 


parasltold 


population  deneltf. 


Neen  aeed  extract  has  haen  teetad  for  actlvltj  aBslosc 
trlColli.  Tha  Laaven  and  aeada  of  the  naan  tree,  Axadirachta 
Indies  Juas.  have  been  uaed  in  India  for  hundreds  of  years  as 
sources  of  insect  repellents  and  insecticides  (Jacobson  1981).  It 
is  believed  that  Che  principle  insecticidal  coepound,  azadirachtin, 
hes  IGR  properties  (Renbold  et  al.  1963).  The  cheaical  is  absorbed 
by  roots  and  translocated  Co  Che  leaves  (Latew  et  al.  1960,  Webb 
at  al.  198&).  Those  aochors  also  report  the  efficacy  of  neeig  seed 
extract  against  the  puparia  vhen  used  as  a aoll  drench,  suggeacing 
that  Che  active  ingredient  can  be  absorbed  by  the  pupae  through  the 
puparial  cuticle.  Webb  et  al.  (1984)  have  also  ehoun  Chat  neee 
seed  extract  and  the  purified  atsdirachtin  are  highly  active 


against  L.  trlfelll. 

Intensive  control  nechoda,  including  Che  use  of  several 
insecticides,  are  eeployed  uhenever  outbreaks  of  L.  trltolit 
occur  in  Che  greenhouses  in  England  (Powell  1981),  The  nechods 
inclode  fuoigecion  of  eapty  greenhouses  with  sechyl  broelde,  twice 
weekly  applications  of  hapcenophoa  (applied  as  a high  voluae,  HV, 
foliar  spray),  oxaiyl  applied  in  grannies,  percechrin  (HV  foliar 
spray),  and  reeeechrin  (ultra  low  volune  spray)  application. 
Bioloelcal  Control  of  Leafelners  on  Toeeto- 

Poe  and  Hontz  (1981b)  suniarized  the  parasicolda  recovered 
froB  trlfolii.  L,  entivae.  L.  huldobranaie.  and  L ^raaeicae. 

All  parasicolda  recovered  so  for  ware  Hyeenopcera  and  Included 


Eulophldae,  and  PteroDalidae.  Sosa  apaclea,  including  Opiua 
dinldiatua  Aahaead  (BraccDldae) i Ganaapidiun  ap.  (Eucollidaa) , 
Haltlcontera  aanea  (Walkar)  (Pceromalldae) , and  the  eulophlddi 
Chrraoc Karla  atnallel  Crawford , Cloatarocerua  clnctipennla  (Aahisead) . 

froo  Bore  than  one  apeciea  of  leafainera.  Schuater  (1985)  reared 
the  following  paraaltolda  froa  leafiolnera  Infaating  toaato  in  the 
Bradenton  area  during  1980  to  1984:  Diclrohua  internediua.  Diglrohua 
ap.,  ChryaonotoaTia  punctlventrla  (Crawford),  Diaultncoala 
callichroaa  Crawford,  ChrTaocharla  parka!  Crawford,  Opiue  ap, , 
Balticoptern  circulua  (Walker),  and  Ganaspldlum  ap. 

Zehnder  and  Truable  (1984a)  indicated  that  I,,  satlvae, 
trifolii.  and  aoae  of  their  natural  enealea  could  diacriainate 
between  hoat  plant  apeciea  of  adjacentlr  grown  celery  and  toaato. 
DlelTPhus  benlnl.  D.  Internediua.  Chrtancharla  parkal.  C. 
alnallei.  Haltlcoptera  circulua.  and  ChryaTonotonyia 
punctiwentrlB  were  Che  aoat  abundant  paraaitolda.  £.  parkal 


eatlwae.  internediua  waa  more  active  in  celery  where  L. 
trifolii  waa  Che  predoninant  leafalner  apeciea.  The  hoat  plant, 
or  the  hoat  leafniner  apeciea,  or  both  nay  be  involved  in  obaerved 
differential  denaltlea  of  the  paraaltold  speciea. 

The  impact  of  Inaectlcides  on  parasitoida  hae  bean  acudied  by 
aeveral  workera.  Hllla  and  Taylor  (1951)  and  Shorey  and  Ball  (1963) 


dsBonstrated  that  DDT  lad  Co  an  increasa  In  laafainer  populaclcna 
doa  Co  a raduccion  in  paraeltold  danaltj.  The  aubaeauenc  awitch 
Co  aachoiychlor,  dieldrln,  endrtn,  and  lindane  (Vane  1955)  and  alas 
CO  parachlon,  echlon,  and  dlazlnon  (Geczln  I960)  ahoved  the  aaiae 

Synchatlc  pyrechcold  rasiduea  were  found  Co  be  leas  conic  to 
IntermediuB  Chan  waa  aechoayl  when  pyrechrolda  were  firac 
Incroducad  Co  concrol  leafminera  (Waddlll  1978).  Penvalerace  waa 
Che  leaac  Conic  pyrechrold  eueluated.  A coobloatlon  of  lepcophos 
(Phoawel  ) and  endoaulfan  (Thiodan*)  apfajed  on  toaaco  foliage 
killed  fewer  poraalcolda  chan  the  control  (water  apray)  or  any  ocher 
Inaectlcide  CeaCed  (Poe  ec  al.  1978).  Weekly  applleatlona  of 
onaayl  (Vydate  ) on  toeato  foliage  reduced  the  nuiiber  of 
paraalcolda  reared  froB  enclaed  coiaco  foliage  coapared  Co  Che 
water  control  (Schuater  eC  al.  1979).  A alngle  application  of 
onaayl  at  rates  ranging  froa  30g  Al  (active  lngredlenc)/100  I to  as 
high  aa  119. 8g  Al/lOO  1 or  oethaBidophoa  at  89. 9g  Al/lOO  1 did  not 
reduce  paraslcoid  emergence. 

Getzio  (1960)  recommended  integration  of  chemical  and 
biological  concrol  methods  by  aeleccing  chemicals  that  would  kill 
leafminera  but  not  the  paraaicoida.  Such  chemlcala  have  nor  been 
awailable  until  recently.  Hose  inaeccicldes  used  for  leafniner 
control  have  been  broad-apectrum  and  have  induced  mortality  in 
paraslcoid  and  leafniner  populations. 

Schuater  and  Price  (1985)  noced  Chat  Opiun  ap.  and  D. 
intermedlua  were  proportionately  greater  in  nonsprayed  comacoes 


than  In  nprn/ed  Cgaatoen  where  ChrTaoootoarla  punciiventria  waa 
■ore  abundant.  Or^anophoaphacea  dapresaed  DlalTphua  app.  while 
favoring  Chryaonotoatla  app.  in  celery  (Zehnder  and  Trunble 
1985).  The  pyrechrold  pernechrio,  on  Che  ocher  hand,  deemed  Co 
favor  Dlaltohua  apeclea.  Schuacer  (1985)  noted  that  Che 
proportiona  of  different  paraalcold  apeclea  varied  from  aaaaon  Co 

denaltiea  of  all  paraaiColda  including  £.  Inceraediua  when 
coopared  with  a water  check  (Schuacer  and  Price  1985). 

Endoaulfan  In  coBblnaCion  with  Baclllua  thurtnalenala  var 
kurataki  Berliner  did  not  algnlflcancly  reduce  paraalcold  ouhbera 
afcer  2 appllcatlona  while  endoaulfan  alone  did  reduce  paraalcold 
nuibera.  B.  Intermedlua  did  noc  decreaae  significantly  even 
when  endoaulfan  was  applied  Slone.  This  auggeata  a differential 
activity  of  endoaulfan  against  the  various  paraaiColda  of  the 
leafslners.  Such  differencial  activity  was  also  noted  with 
oethonyl  which  waa  more  Injurious  to  D.  Inceremdlua  and  Oolua 
app.  coapared  to  Chryaonotoavia  ounctlventrla. 

Mecho*yl  alao  reduced  the  percentage  of  paraaieian  of 
leafilnera  on  celery  la  California  as  a result  of  a reduced  rate  of 
adult  paraaiCoid  survival  indicated  by  the  increased  nonber  of  dead 
adult  pnrssltolde  collected  from  trays  placed  under  the  plants 
(Trunble  1985).  The  ratio  of  leafBlnera  to  paraaiColda  reared  was 
lowest  for  cyromaaina  and  avernectin  treated  plaoce  (1.18:1  and 
1.41:1  raspecclvely)  in  1982. 


lovest  leafnlner 


to  parasltolda  ratioa  (3.80:1  and  4.16:1  reapectivelp) . These 
results  suggest  that  the  effects  of  insecticides  could  not  be 
readlli  predicted  fron  one  pear  to  the  nest.  Also  they  do  not 
prove  conclualvelp  that  there  is  differential  auaceptibilit?  of 
leafnlnera  and  paraaitolds  to  cproQOslne.  Application  of 
avernectln  as  well  as  other  chealcala  altered  Che  coaposltloo  of 

internedlus  reared,  but  at  the  same  cine  increased  Che  proportion 
of  benipl  In  cosperlson  Co  ocher  Creatnenta.  In  1983,  no 
reduction  in  intermedius  populations  was  observed  in  the 
avernectln  treacaenc.  Although  Trunble  (1985)  stated  chat  changing 
the  pesticide  shifted  the  composition  of  the  paraaltoid  complex,  he 
failed  to  qualify  his  conclusiooa  by  not  emphaaiaing  the 
differences  observed  in  Che  coaposltloo  of  Che  paraaitold  complex 
during  Che  two  years  in  which  in  the  experiments  were  done. 

From  a single  season  of  experiments  done  in  1984.  Zehnder  and 
Trunble  (1985)  reported  that  out  of  six  Insacticldee  (pernechrln, 
dieslnon,  naled  (Dibrom®),  methanidophoa,  mevinphoa  (Phosdrln^) 
and  endoaulfan)  applied  to  celery,  peraethrtn  produced  greater 
paraaltoid  mortality  than  any  other  treacmecc.  The  authors  also 
reported  that  Che  composition  of  the  paraslcoid  complex  varied  with 
the  traataenta.  Orgsnophosphaces  favored  C-  punctlventris 
emergence  while  pernechrln  treacmenc  led  to  recovery  of  more 


PialvphuB  species. 


P&rasitold  populaclon  levels  ere  eoaitored  in  e field  by 

using  cotal  sine  counts,  vhich  Ignored  Che  concributlon  of 

193&).  Hose  workers  (e.g.  Trunble  end  Kskakihara  1933)  report 

Dsthod  is  fsulcy  because  no  correlation  between  Z peresiciss  end 
accuel  perssitoid  densities  in  the  field  is  established.  Schuster 
and  Beck  (uapublished)  have  fornulated  a saapllng  plan  for  estinatlng 
leafelner  densities.  This  plan  could  be  incorporated  into  a prograe 
for  correlating  Z psrsaitiaa  and  paraeitoid-hosc  densities  in 
conjunction  with  neasuresencs  sada  by  Marlow  et  al.  (1983)  of  plant 
area  at  different  growth  stages  of  the  plant. 

Ccilizacloa  of  paresitolds  is  sore  incense  in  greenhouse 
CoBBto  cultivation.  Success  in  regulating  leefeiner  populations 
with  releases  of  parasitoids  into  greenhouses  has  been  docuaented 
in  neveral  parts  of  the  world.  Lindquist  and  Cnaey  (1985)  released 
PtnlTPhua  into  a greenhouse  after  an  initial  population  of  L. 
trtfolli  bed  been  established.  This  CreaCnent  gave  Che  sane 
tomato  yields  as  alternative  treatments  where  either  cyrooaslne  or 
methomyl  was  used  as  the  control  agent.  Pecict  (1984)  managed  L. 
aativae  infeatatlons  on  greenhouse  tomato  by  vacuuming  the 
plastic  mulch,  increasing  parasltold  populations,  particularly  of 
Qpfbd  ap.,  and  by  not  using  any  cheaical  insecticides  in  the 
greenhouse.  Lyon  (1984)  obtained  greater  success  in  regulating 


L.  trifolil  populations  on  graanhouse  toaato  in  Franca  bjr 
InlciallF  establishing  populations  of  DialTphus  iaaaa  Uallcar 
and  Dacnusa  siblrlca  Talanga  in  the  greenhouse  and  the  surrounding 
vegetation  rather  Chan  waiting  to  raleasa  the  peraaitolda  into 
Infested  greenhouses. 

Dlelrohus  Interaedlua  fGlrault) 

Taaonooic  Status.  Hosts  and  Distribution 

interaadlus  is  one  of  eighteen  species  belonging  to 
this  genus  in  the  Caailr  Kulophidae,  The  species  was  described  bp 
Glrault  from  one  feoale  reared  in  1916  from  PhrtoBvsa  chrvaantheml 
Sowars  (Gordh  and  Hendrlckaon  1979).  Hosce  of  interaedtus  iocluda 
AflromTSB  frontella  (Rondanl) . Lirionvza  brasaicae  (Rilay)  L. 
sativae.  L.  trlfollearun  Spencer,  crlfolll.  Phvcoavsa  acrlcornls 
Melgen,  chrvaantheal.  end  £.  niara  Heigen  (Caiu  1977}  and  Gordh 
and  Hendrlckaon  1979).  Gordh  and  Hendrickson  (1979)  consider  Che 
species  Co  be  nesrclc  and  neotropical  in  dlsCrlbuUon. 

Adult  Eaternal  Horoholoev 

The  general  trend  of  aesual  dlsorphlsa  in  the  subfasilp 
Eulophlnae  la  espresaad  b;  the  presence  of  dorsal  rani  on  Che 
funicular  segsencs  of  Che  lale  antennae.  This  la  not  avldenc  In 
DiglTphue,  the  sale  of  which  Is  distinguished  froa  the  feasle  hy 
snaller  slse  and  longer  snrglnal  fringe  on  the  forewings  (Gordh  snd 
Hendrlckaon  1979).  The  genus  Piglyohus  has  Cwo-segaented  funlcles 
and  parallel  longitudinal  grooves  on  Che  scutellue.  D.  Interaedlus 


that  closely 


reseable  each  other.  In  the  Ceeale  D.  iateratediue.  only  the  beeel 
0.2S-0.3S  c£  the  hind  tibia  ie  aetelic  colored  with  coloration 
fading  along  the  Qiddle  0.30.  In  isaea.  the  hind  tibia  is 
predoilnantlr  letalUc  colored  end  the  metallic  color  does  not 
fade  distall;.  beg ini  has  pale  markings  on  its  antennal  scapes 
Che  middle  and  hind  tibiae  are  without  apical  duakinees  and  Che 
basal  cell  of  the  forewing  ia  spareelf  or  moderatelf  eetose  (Cordh 
and  Kendrickson  1979).  ^saea,  an  introduced  palearctlc 
species,  has  not  been  recorded  from  Florida. 

Paraaltold  abundance  in  Floride 

£.  intermediuB  was  at  least  as  numerous  as  any  of  the  S 
other  parasitolda  reared  during  the  spring  of  1975  from  eaciaed 
tomato  foliage  from  Immokalee  (Poe  et  el.  1978).  £.  Interaedlua 
accounted  for  46, df  and  ChrrsonotoBTia  forme as  Westwood  accounted 
for  49. 7J  of  all  parasitolda  reared  from  excised  tomato  foliage 
during  the  winter  and  spring  of  1975  (Schuster  et  al.  1979). 
Schuster  end  Price  (In  Press)  observed  that  D.  intermediua 
continues  Co  be  one  of  the  moat  common  parasitolda  found  on  ComsCo 

Biology  and  Lite  Hiacorv 

Biological  notes  on  a related  apeclea,  benini.  were 
first  made  by  Webster  and  Parka  (1913).  Hendrickson  and  Barth 
(1978)  studied  Che  life  history  and  biology  of  D.  intermediua 
In  the  laboratory.  They  reported  chat  0.  intermediua  was  a 
eolltary  ectoperaslcold  of  leafmtnera,  although  oecBslonslly  2 to  5 
parasitolda  developed  on  a single  Uriomysa  trifollesrue  larva. 


It  peralfaed  and  killed  all  3 larval  Inatara,  but  1C  uBually 
depoalcad  eggs  on  Ird-lnacara  ODlj.  IncoaiplaCe  larval  davelopaanc 
ocarrad  whan  egga  ware  depoalcad  oa  2nd-loatar  hoeCSt  poaslblv 
because  of  an  InedaquaCa  food  supplf.  Developnental  clsee  ware 
recorded  for  paraaicolda  reared  ac  a conacant  CeaperaCure  of  23,3  C 
and  6GS  RH  and  a phocoperlod  of  I6L:SD.  Koacs  were  reared  on  bush 
anap  bean,  Phaseolua  vulaaria  cv  Bountiful  and  lima  bean  P. 
llaeaais  cv  ThaxCar.  As  1C  was  difficult  Co  observe  peraeltolds 
inalde  leaf  claaue,  artificial  ainea  were  conatrucCed  with  sBall 
cardboard  rings  sandwiched  between  a glass  alcroacope  slide  and 
coverslip.  The  egg,  larval,  and  pupal  acagea  laated  1,  4.  and  6 
daps,  reapectivelp,  under  the  conditions  provided. 

PaCel  and  Schuster  (1983).  using  a aechod  slallar  Co  chac  of 
Bendrlckaon  and  Barth  (1978),  neasured  developnental  races  of  D. 
interiedius  at  13.6,  21.1,  26.7,  and  32.3  C conacant  tesperacures. 
The  quadratic  regression  equation  T ■ -0.2028  + 0.0214T  - Q,0004T^ 
described  the  relation  found  between  tenperacure  (T)  and  Che 
developnental  rate/dsy  (Y).  Ac  32.2  C,  paraaltold  larval  aortalltj 
averaged  88. 32  which  was  twice  the  noctalltj  at  other  CeBperacurea. 

The  Banner  of  pupation  in  Internedlua  is  unusual.  The 
larva  changes  froQ  light  yelow  to  IIbs  bluish  green  end  constructs 
6-8  plllara  nade  froo  BsconiUB  voided  ac  Che  tine  of  pupation.  The 
plllara  extend  vertically  between  the  two  oplderoal  layers  and  are 
usually  laid  in  pairs  along  the  length  of  the  pupa.  It  has  been 
auggeaced  Chat  the  plllara  protect  the  pupa  fro*  being  crushed  If 
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the  leaf  dries  out  and  also  prevents  the  pupa  froa  rolling  about  in 
its  Qina.  Hendrickson  and  Barth  (1978)  noted  that  a feasle 
internedius  (M  ■ 6)  produced  an  averase  40.2  progeny  and  lived 


Hodelina  the  Leaffeiner-Paraaltoida  Svstea 

systen  studiea,  including  inaect  population  dynanlca  research 
(Sueaink  1973,  Huffaker  et  al.  1978.  Barfield  and  Jones  1979, 
Shoeaaker  19S0,  Getz  and  Gutierrez  1982,  Stloac  1982).  k systea 
can  be  defined  as  a coapoaition  of  interacting  objects  (Saerage 
1980).  A Bodel  la  eiaply  a description  of  a ayscea  and  oay  Cake 
■any  foras.  Too  factors  have  coocrlbuted  to  the  popularity  of  Che 
Bodellng  approach:  1)  CoapuCers  have  aade  it  poaslble,  at  a rapid 
pace,  to  reallattcslly  alaulats  and  predict  Che  behavior  of  real 
life  aysteas  using  aodela.  2)  It  la  beeoalng  increasingly  cheaper 
Co  siBUlate  rather  than  establlah  ezperlaencs  to  develop  and  test 
syaCeB  behavior  hypotheses. 

The  leafelner  aodel  of  Saerage  et  al.  (1980),  for  eaaaple, 
can  bo  utilized  in  predicting  laafainer  and  parasltoid  population 
dynsoiCB  auch  sore  cheaply  and  (julekly  than  a field  experiment  ever 
could.  Models  such  as  that  by  Smerage  ec  al.  also  provide  a frame- 
work in  which  research  towards  better  understanding  of  a ayatem  can 
be  rationally  organized,  expressed  and  analyzed.  The  model  of 
Smerage  et  al.  has  been  a motivating  factor  for  much  of  the  research 


Florida.  It  ia  CKerefore  appropriate 


The  Saeraae  at  al.  Leafainer-Paraaicold  Modal 

Thia  aodel  repreaeata  Inaect  population  apateaa  in  general, 
although  It  apeciftcallp  daacrlbad  the  leafalfter-paraaltold 
population  apaten.  Figure  2-1  llluatratea  a.  conceptual  Qodel  of 
Che  leafnlner-paraaitoid  apscea.  The  oodel  pertained  to  Che 
coupling  of  withln-fleld  egg,  Larval,  pupal  and  adult  populationa 
of  leafilnera,  labeled  Cj,  Cj,  Cj,  and  C^.  reapeetively. 
vlth  Che  egg,  larval,  pupal,  and  adult  populationa  of  paraaicolda, 
^5*  hnd  Cg,  reapectlvelr,  hj  the  paraaltiaiB  proceaa  Rp. 

The  denalciea  of  each  claaa  of  populationa  ia  labeled  n,,  vhere  Che 
aubscrlpt  1,  la  denoted  bp  Che  aane  nuBber  aa  the  population.  Far 
eiaople  leafmlner  egg  population,  Cj,  haa  denaitp  n^. 

TransforiBBtlooa  Bg  repreaenc  developaent  and 

phpaiologlcal  aorcalitp.  The  flow  of  aa  individual,  froa  one  store 
Co  the  next,  resulted  froa  the  individual  developing  into  the  next 
stage.  For  eiaaple,  upon  coaplation  of  the  egg  aCage,  a leafainer 
individual  flowed  froa  Che  leafoiner  egg  store  Co  the  leafainer 
larval  store  through  Bj.  Flow  into  Che  egg  store  resulted  from 
ovLposlCion,  H.. 

Mortalicp  of  an  individual  In  a particular  store,  for  exaaple 
in  the  leafoiner  egg  score,  resulted  In  the  flow  of  that  individual 
into  a 'sink*  for  deed  individuals.  Sinks  are 


denoted  bp  triangular 
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sfQbcld  In  Flours  2-1.  Tenperature  dapandenca  of  a procaaa  ta 

Insecticide  morcalltlaa  affecting  larvae  and  adulta  were 
Incorporated  aa  azcrinstc  faccora.  In  figure  2-1,  flow  sources, 
Tj2»  Fjgr  and  Yjg  renove  individuals  fro*  their 

respective  age  claseae  at  preecribed  rates  that  reflect  insecticide 
induced  aortalltr. 

Population  density  sources  n^^'  ^g4>  bg  represent 
external  sources  of  lesfolner  larvae,  Lesfsiner  adults,  and 
parasltoid  adults,  respectively.  Hoveaeot  of  adults  between  Che 
field  Is  in  response  to  a grediant  in  an  envirooaental  variable. 

and  Gq  denote  the  processes  Chat  regulate  Bovenenc  of  leafniner 
and  parasltoid  adults,  respectively.  Process  G.  aay  be  a function 
of  the  guallty  of  vegetation  Vp,  In  the  external  reservoir,  and 
V|j  in  the  field  Co  which  leafalners  respond. 

fsraslcisB,  Kp,  was  incorporated  ss  the  link  between  leafeiner 
and  parssiCDld  populaclona,  a process  by  which  attacked  hosts  were 
killed  and  a parasltoid  egg  was  slibultaneoualy  oviposited  on  each 
hoot  larva.  In  this  eodel.  Che  rate  of  parasician  was  a function 
of  host  end  parasltoid  densities  and  envlrouBenCal  variables.  The 
exponential  and  Che  rectangular  hyperbolic  functions  represented  by 
eouatlona  (7)  end  C8)  are  nlternative  cloaed-foria  deacrlptions  of 
Che  faeily  of  curves  for  the  rate  of  paraslclSB  when  plotted  aa  In 

(7) 


- exp<Oj/th)) 


(8) 


I - Cj_.Kp.H2  * '1” 

In  (7)  aod  (6}i  Y ia  the  number  of  hoeto  peresltlzed/de7  and  Kp  ie 
the  apeclflc  paraaitiaa  rata  (hoeta/adult-da;) . In  (7)  and  C8)  Kb 
end  K1  represent  the  critical  host  deoaltj  above  which  Y la  naarlj 
Independent  of  boat  densltp,  n^.  Parasltold  density  is  denoted 

the  parasltolda  is  represented  by  C . 

The  methematlcal  model  of  the  system  is  not  reviewed  here.  It 
is  sufficient  to  report  here  Chet  a mathematical  model  results  in 
the  system  being  described  aa  a single  entity  by  a set  of  complex 
equations  ayatematlcaXly  obtained  from  the  deacrlptlons  of  Che 
processes  and  structure  (Smerage  1980).  The  reader  is  referred  to 
the  chapter  on  mathematical  model  in  Smerage  at  al.  (L980)  if 
interested  In  more  details  or  mathematical  description  of  the  model. 

Several  simplifying  assumptions  ware  made  in  formulating  the 
model:  1)  the  celery  crop  was  a non-llolcing  host  resource  for 
leefmlner  reproduction  and  development,  2}  all  psrasitoid  species 
were  aggregated  into  an  equivalent  single  species  population,  3) 
development  rates  of  each  species  were  linear  functions  of 
temperature,  4)  oviposition  rates  were  constant  and  independent  of 
temperature,  5)  both  populations  were  uniformly  distributed  over 
Che  field,  6)  parasitism  was  an  exponential  function  of  host  and 


parasltold  densities, 
diffusion  or  drift. 


populations 


coDblnattoo  of  hf^othetlcol  and  praltalnary  ascliaaceo 


laboratory,  and  flald  studied  were  utilized  to  ruo  cooputer 
siaulatioos  of  the  Saerage  at  el.  Qodel  (Husgrave  et  al.  19fi0). 
Thaee  paraaatera  Included  duretlons  of  40.  40,  90,  and  35  degree* 
daye  for  the  leafalner  egg,  lerral,  pupal,  and  adult  stages. 
Correapondiog  paraaltold  durations  vara  25,  40,  140,  and  70  degree- 


Leafniner  aez-rstlo  ess  observed  Co  be  1:1  with  each  fecale 
laying  4 egga/day.  The  paraaicold  sex  ratio  was  not  aaaaured  but 
a parasltold  vas  assuaed  to  lay  1 egg  per  boat,  killing  2 hoata/day. 
Katural  Dortalltles,  other  than  aorcallcy  due  to  paraaiclzeclon, 
for  Che  egg,  larval,  pupal,  and  adult  scagea  for  each  egg  laid, 
respectively,  vere  asauied  Co  be  0.4,  0.2,  0.2,  and  1.0  for  the 
laafeiner,  and  0.2,  0.2,  0,1,  and  I.O,  respactively,  for  the 
parasltold.  The  critical  host  density  {nuaber  of  hoata/area),  th. 
and  the  epeelfle  parasltlsa  rate  (nuaber  of  hosts  parasltlaad/ 
parasltold  adult-day),  Ep,  as  defined  in  equation  (4)  in  Chapter  I, 
were  assuaed  Co  be  S larvae/aq  b and  2 larvae/adulc-day,  respectively. 

SlBulaclons  using  several  initial  conditions  provided 
considerable  insight  into  the  influence  of  various  factors  on  the 
laafeiner-paraalcoid  population  dynaalcs.  laportant  findings 
included  the  observation  Chat  sudden  outbreaks  of  leafnlners  could 
only  be  suppressed  by  Che  parasltolda  20  to  30  days  after  Che 
outbreak  started.  If  external  reservoirs  of  leafsiners  were  large, 
chealcal  control  of  lesfolnera  inside  Che  field  was  Ineffective  and 


required  frequeoc  end  routine  appllcncloae.  end  that  under  these 
coodlcicns  could  nuec  be  coneldered  vaaCeful  (Hussrave  et  al.  198Q). 

Here  laporcantlit  Che  work  of  SaeroBe  et  el.  (1980)  In 
foraulstlns  Che  leafalner  aodel,  and  Chat  of  HusBraue  ec  al.  (1980) 
in  alaulaCloB  the  aodel  has  been  a alguificant  factor  in 
decernlning  the  direction  of  research  on  leafainers  in  Florida. 

This  Is  eapeclally  the  case  »Ith  the  work  preaenced  la  Chapters  IV 
through  IX  of  this  dissertation.  As  with  other  research  durrantl; 
ongoing  In  Florida,  these  chapters  describe  the  work  done  to  obcalo 
better  eatlaecea  of  psraaeters  and  descriptions  of  the  proceasss 
Involved  in  the  Xeafainer-peraaltold  sjstea. 


sillsr 
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per  week  when  sore  pleete  were  needed  for  the  experlsenee.  Seed 
gereinatloD  took  3 to  10  defs*  depending  on  the  eeopereeore. 

watering  was  required  on  very  hot  days.  Plants  were  fertilized 
twice  weekly,  379  g of  20-20-20  CM,  P,  K)  HllLer'a  brand  nucrlleaf 
solution  was  alternated  with  a solution  of  80  g Hg{hO^)2>6K20, 

196  g INOj  and  336  g of  Ca<N02)2.4H20  in  10  Iltera  of  water  to 
give  a 500  ppe  K,  500  ppm  R and  50  ppo  Hg  solution.  The  aolntlons 
were  applied  with  a Hyponer'*. 

Repotting.  When  the  seedlings  had  reached  the  first  2-true 
leaf  stage,  they  were  removed  and  repotted  in  6-lnch  pots.  One 
seedling  was  planted  in  each  pot  If  Che  plant  was  to  be  utilized  In 
leafnler-parasltold  density  experimeoca.  Four  seedlings  were 
planted  In  each  pot  for  maintaining  the  Insect  colonies  as  well  as 
for  rearing  insects  for  ocher  experlsenCs,  Potted  plants  were 
watered  and  fertilised  the  same  as  Che  seedlings. 

Precauttona  and  care.  Chemical  pesticides  were  not  applied 
as  long  as  their  use  was  avoidable.  Plants  were  kept  free  of 
Insects  by  good  sanitation  practices,  culling,  mechanical  control, 
exploiting  natural  enealea  and  Che  appropiate  placing  of  belts. 

Most  pest  problems  were  of  short  duration;  they  included 
cockroaches,  aphids.  Mvzus  oerslci  tSulzer).  rusaetc  mites, 

Aculops  lycopersici  (Masses),  and  on  rare  occasions,  armyworma. 
Dursban  balta  were  placed  next  to  trays  of  younger  seedling 
plants  that  were  preferred  by  cockroaches.  Russett  mite  infested 


plants  wars  dlacardad  and  the  bench  holding  infested  plants  was 

Green  peach  aphids  were  killed  bp  hand.  Hearllp  Infested  plancn 
vere  discarded.  On  a few  occaalons.  snopwors  egg  nasses  were 
detected  on  plants  Inside  the  screenboose.  Leeves  with  these  egg 
Bssaea  were  renoved. 


6 liters  of  i 


during  warn 
H-4S^  was  spraped  at 


teafnold  beceoe  a problem 
!f  leafaold  was  present,  Dlthsne 
i.8  g/1  on  Che  planta  weeklp  until  the 
Leeves  infested  with  leeftslner  larvae  were 


Hearing  L.  trlfolli. 

Egulonent  and  procedure.  A converted  refrigerated  truck 
bodp  housed  the  leafnlner  coloop.  A 121:120  photoperiod  was 
provided  bp  fluorescent  lighting.  An  air-conditioner  and  a space 
heater  ware  utilised  to  maintain  Che  teaperature  at  22-32  C.  The 
huniditp  inside  the  truck  bodp  wes  uncontrolled  and  ranged  from  40 
to  80X  RH. 

Fiftp-200  adult  flies  were  held  in  a 61  x 61  x 61  cm.  orgaodp 
cloth-covered,  screened,  ovlposition  cage.  Four  plants  vere  placed 
In  the  cage  and  replaced  dailp  between  0800  and  0900  h with  fresh 
plants.  A filter  paper  smeared  with  honep  was  hung  from  the  Cop  of 

dailp  (Charlton  and  Allen  1981).  New  flies  were  added  perlodlcallp 
Co  BSlntain  30  to  200  flies  in  the  cage. 
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On  reooval  from  the  ovipoeicon  cage,  the  plance  were  shaken  to 
dislodge  anr  fliea  still  on  the  pleota  and  placed  lo  holding  cages. 
Holding  cages  were  slallar  to  the  ovipositlon  cage.  Planta  were 


Larvae  took  5 dapa 


Che  third-inscar.  On  Che  sixth 


a 12  ca)  plastic  concainere.  The  containers  had  screen-covered 
holes  for  ventilation.  K hardware  cloth  divider  (11  x 11  an  eesh) 
in  the  box  kept  the  leaves  elevated  froa  the  container  boctons. 
Larvae  exiting  the  leaves  dropped  to  the  container  hoccoms.  The 
bottoms  were  coeced  with  a lajer  of  Teflon^  material  to  prevent 
the  puparla  from  sticking  to  Che  containers.  Leaves  were 

gentlr  brushed  off  Che  bottoms  with  a fine  camel-hair  brush  3 daps 
after  Che  leaves  were  placed  in  Che  coacaioera. 

About  60-200  paparia  were  collected  and  placed  in  a 30-g  clear 
plastic  creamer  cup,  A filter  paper  strip  smeared  with  honep  was 
placed  inside  Che  cup.  Adults  emerged  in  4 to  S daps  and  fad  on 
Che  honep.  A cup  containing  adult  flies  was  placed  inside  the 
ovlpoaicion  cage  and  the  lid  removed  so  chat  Che  adults  escaped 


Leafmlnera  in  all  stages  of  development  were  available  dailp. 
It  look  14  to  16  daps  for  development  of  an  egg  to  the  adult  stage 
under  the  conditions  prevalent  la  the  rearing  facilities  , 


Precautiona  and 


irom  drowning.  Plants  ware  watered  prior  to  being  placed  in  the 
oviposltlon  cage.  Since  adult  longevitp  la  conaldarabl;  shortened 
bp  verp  high  teoperatures  and  the  egg  laying  actlTlty  la  reduced  by 
tenperaturea  below  17  C.  Che  temperature  Ineide  the  truck  body  was 
monitored  with  a 7-day  hygrothermograph  recorder  and  failures  in 
the  alr-condiclonar  and  heating  unit  were  corrected  aa  soon  as 
possible  after  they  were  noticed.  Transfers  of  exposed  plants  into 
holding  cages  were  recorded  daily  to  nonlcor  the  age  of  larvae. 
Puparla  transferred  were  alnllarly  recorded.  Extra  laafalner 
puparla  were  refrigerated  at  3 C and  later  reaoved  when  needed  for 
Che  leafoiner  colony  on  Che  few  occaalooa  chat  there  were  not 
enough  adults  from  the  regular  colony.  Puparla  were  dlecarded  1 
week  after  being  placed  In  the  refrigerator  If  they  were  not  needed 

To  maintain  vigor  of  Che  colony,  tosato  foliage  infested  with 
leafminers  was  collected  from  the  field  approxlaacely  every  6 
months,  end  Che  insects  were  reared  to  the  adult  stage.  Fifty  to 
200  adults  were  transferred  Co  a new  oviposltlon  cage  and 
aaaiallaced  into  the  colony. 

Too  many  ovipositing  files  (>200)  resulted  in  Coo  many  eggs. 
Under  such  overcowded  conditions,  plants  could  bo  cocslly 
defoliated  by  the  developing  larvae.  The  larvae  that  were  able  to 
pupate  were  snaller.  It  was,  therefore,  necessary  Co  ensure  Chat 
no  more  than  200  adults  were  present  in  the  ovlpoeicion  cage. 


ReariQa  D.  Ipteraedlus 


Raulpatpc  and  cfocadiire.  The  peraaicold  colonj  was  kept  In 
a aeparate  room  wtth  tenperature,  lighting,  and  huoldltr  condltlnna 

hpuaad  the  laafnlner  colonr. 

One  or  2 CoBato  plants  containing  5-da7-old  laafolner  larvae 
ware  reeoved  dallj  iroe  the  truck  bodf.  These  plants  were  planed 
inside  a pacasitold  ovipoaitlon  cage  aisilar  to  the  other  cages, 
ipproxlnstel;  20  to  100  adults  were  introduced  Into  the  ovipoaitlon 
cage  every  weak.  Plants  ware  renoved  fro*  the  cage  after  1 day's 
exposure  to  Che  parasicold  adults  and  replaced  with  ocher  plants 
containing  S-day-old  leafminer  larvae. 

Plants  with  parasitized  host  larvae  ware  not  caged  after 
reooval  froo  Che  ovipoaitlon  cage  to  xake  watering  easier. 
Psrasltoid  larvae  turned  bluish-green  after  5 Co  6 days.  Ac  this 
point,  leaflets  were  stripped  from  the  plants  and  put  in  1-quart 
ica-creae  cartons  which  were  capped  by  clear  plastic  bags  held  Co 
the  open  Cop  of  Che  cartons  by  a rubber  band. 

Adult  paraaltolda  energed  after  another  5 to  8 days.  A simple 
aspirator  Bade  of  flexible  rubber  cubing  and  a glass  eye-dropper 
plugged  with  cotton  wool  was  connected  to  a small  vacuum  pump  to 
remove  the  paraaltold  adults  from  the  cartons.  Strips  of  filter 
paper  smeared  with  honey  were  placed  in  30-g  creamer  cups  and  adult 
paraaltolda  were  put  into  these  cups.  Approximately  20  to  100 
adults  were  introduced  into  the  ovlposltlon  cage  every  week.  The 


used  up  to  3 veelcs  after  being  placed  In  the  refrigerator.  After  3 
weeks.  Che  insects  were  discarded  if  Che;  were  not  needed  for  the 

larvae  were  not  utilized  for  the  paraeitoid  coloo;.  It  was  not 
eas;  Co  nainCaln  these  plants  because  the  larvae  fed  into  Che  leaf 
petioles  causing  earl;  leaf  drop.  Also,  it  was  nacessar;  to  water 
the  plants  dail;  since  the;  were  under  greater  stress. 

Not  all  larvae  were  parasitized.  Han;  dropped  onto  the  cage 
floor  and  pupated.  Cages  were  therefore  vacuuned  ever;  4 Co  5 days 

plants. 


FBCBliDITY  k 

AMD  ITS  CONTRIBUTION  TO  HOST  MOHTALITT 

Introduction 

Petel  and  Snhuatec  (1983)  had  denonstrated  that  Cha  rates  of 
development  of  Che  life  stages  of  d,  Interaedlus  were  lunctlons 
of  temperature.  It  la  logical  Co  hfpotheclte  that,  as  with  ocher 
polkllochermic  organlsaa,  facunditp  and  adult  longevity  of  D. 
internedius  eap  also  be  functions  of  temperature.  This  was 
recognised  bp  Smerage  et  al.  (1980).  In  formulating  Che  leafminer 
model  those  authors  stated  Chat  the  rates  leafminer  and  parasltold 

simulation  purposes,  Chep  asaignad  coostanC  velues  for  ovlpoaicion 
psrsmetera  Independent  of  temperature.  Thep  had  done  this  for  lack 
of  Information  on  the  guentlcacive  description  of  the  relationship 
between  temperature  end  ovlposltlon  rates  for  Uafmlnera  and  Us 
paresitolda.  Paraslcoid  fecundity  was  assumed  bp  those  authors  to 
be  2 eggs/parasitold-dap  with  each  hoot  killed  yielding  1 parasltold 
egg.  Parasltold  adults  were  assumed,  for  lack  of  better  Information, 
to  have  a llfespao  of  70  degree-daps. 

It  was  neceasarp  to  obtain  better  eatlmates  of  parameters  for 
parasltoid  ovlposicion  and  longevity  as  functions  of  temperature  to 
repreaeoc  more  accurately  the  real  life  sltustion.  Experiments  Co 
estimate  parameters  for  perasltoid  ovlposltlon  and  adult  female 
longevity  aa  functions  of  temperatore  are  reported  In  this  chapter. 


feaele  llfespaa  vera  also  naaaured.  To  achieve  Lheae  objectlvea, 
experimenta  warm  dooe  lo  a laboracory  ucilisihg  interaedlua 
adults  and  3rd-ihatar  trifolil  larvae  reared  oo  tosato 


Kaeeriala  aed  Hethoda 

Five  locubacors  were  utilized  to  obtain  5 constant  temperature 
conditiona.  A alzth  unit  waa  available  aa  a backup  in  case  a 
principal  unit  Called.  The  tenperstures  were  15.6.  19. 4,  23.3. 
27.2,  and  31.1  C.  Fluorescent  and  Incandescent  lighting  provided  a 


12  h phocoperlod  beginning 
temperature  and  humidity,  i 
placed  on  the  lover  of  the  2 shelves 


0600  h each  day.  To  record 
'day  hygrothermograph  recorder  vas 
incubator. 

d filter  paper  vas  placed  in  a ISO  i IS  mii.  clear 
plastic  petrl  dish.  Twenty  tomato  leaflet  pieces,  each  containing 
a single  Srd-lnater  leafminer  larva,  ware  arranged  in  a single 
layer  and  placed  on  Che  filter  paper.  A pair  of  l-day-old 
parasltolda  were  released  into  each  of  4 petrl  diahes  per  each  of 
the  3 Incubatora.  The  parasltolda  ware  transferred  every  day 
between  0800  and  0900  h Co  new  petrl  dlahea  containing  20 
additional  3rd-instar  leafminer  larvae.  Dead  males  were  replaced 
with  l-day-old  males.  The  filter  paper  inside  the  dish  wae  kept 
moist  to  prevent  leaflet  pieces  from  drying.  No  honey  or  other 
carbohydrate  aource  waa  provided. 

Live  leafminer  larvae,  empty  mines,  and  dead  larvae  within  minei 
were  counted  every  day  after  the  paraaltoids  were  transferred  to 


under  d diseeccing  alcrodcope  and  larvae  with  and  without  paraaitold 
egga  were  counted.  The  ounber  of  eggs  laid  on  each  boat,  aa  well  aa 
paraaltold  Canale  longevity,  were  alao  recorded. 

The  experlsent  vaa  replicated  3 tinea.  Tenperaturea  were 
aaalgned  randonlj  to  the  incubatora  for  the  firat  replicate. 
Tenperature  asalgneent  waa  rotated  for  2 additional  repliceces  ao 
that  an  Incubator  waa  one  aaalgned  the  aane  tenperature  again. 

Data  were  avereged  over  replicatea  prior  to  analyeea  with  the 
SAS-GLM  procednrea  (SAS  1982). 

Results  and  Diacuasion 

The  oean  valuea  for  host  nortality,  parasitoid  fecundity,  and 
paraaltold  Longevity  are  reported  In  Cable  A..1. 

Table  A-1.  Ruaber  of  _L.  triColli  larvae  billed  by  and 

Che  fecundity  and  longevity  of  D,  Ipteraedina  at 
different  conscaoc  tenperaturea.  1 SD) 


Tenp  (C) 


Fecundity  Longevity 

(daya) 


406.6  (168.4) 

387.8  (133.0) 

281.8  (93.3) 

187.8  (55.0) 

128.2  (40.5) 


194.7  (113.3) 

221.7  (105.5) 

200.2  (107.7) 

126.3  (84.4) 


Host  eorcalley  and  longevity  of  £.  interaediue  decreased  with 
an  increase  in  tenperacure.  The  seen  fecundity  of  D. 
increased  froa  194.7  at  15.6  C to  221.7  at  19.4  C.  and 


Interaedius 


decreaaed  ac  teaperatares  greater  than  19.4  C.  The  grapha  of 
regreaaion  equatlona  obtained  bf  froo  neon  valaes  for  paraalboid 
fecunditfi  paraeltold  longevity,  and  paraaiCold-indoced  hcet 
oorealitf  for  each  replicate  at  each  teoperature  are  presented  In 
Figures  4*1,  4-2,  and  4-3  reepeccteelr. 

The  lov  r^  of  D.  internediua  fecunditp,  even  vhen  a 
quadratic  QOdel  waa  fitted  to  the  observed  Q 
variations  asoog  aesn  replicate  values  which 
variations  anong  individual  observations.  As  there  were  onlf  4 
observations  (onlp  three  observations  in  one  case  since  one  feaale 

r^  value  was  to  be  expected.  values  of  greater  than  .75 
were  obtained  for  interaedius  longevity  {Figure  4-2)  and 
parasitold-lnduced  host  aortsllty  (Figure  4-3)  when  linear 
regression  equations  were  fitted  to  the  observed  neane.  The 
results  of  this  experlaent  can  only  be  utilised  to  interpret  and 
predict  in  the  15.6  to  31.1  C temparsture  range  because  no 


In  the  15.6  to  23.3  C range,  the  parasitoid'a  fecundity  was 
higher  than  that  of  trifolii  observed  by  Lelbee  (1984)  on 
celery.  Leibee  (1984)  reported  that  L.  trifolii  laid 
epproxiaetely  24  eggs  at  15  C and  182  egga  at  2Q  C vhen  the  flies 
were  given  a IQR  honey  solution  as  an  eddltional  food  source.  The 
predicted  leafeluer  fecundity  ranged  froo  3 eggs  at  15  C to 
epproxiaetely  31  egga  at  30  C when  provided  with  a 5Z  sugar  water 
solution  (Patel  1981).  As  teoperature  increased  to  31.1  C.  D. 
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Ralatlonahip  becvaan  interaedius 
fectiodltri  ?,  and  tem^eracure , T. 

( ■ : Obaervacion  aeaas.  d*&) 
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Relationship  between  D.  Interaebiue 
Longevitr,  L,  and  teioperature,  T. 

( • : Observation  eeans,  n-4) 


Ifelatlonshlp  betweea  I hosca  kllladi 
Kn,  and  taaperature,  T. 

{ > I Observation  BaanSi  ne4) 


Interaedlua  fecundic;  declined  while  that  of  L.  trifolil 
incresead. 

racea  aa  well  ae  Che  highest  ratio  of  egga  laid/dajr:  hoaca  killed/ 
day  occurred  at  23.3  C (Figure  d-4).  The  ratio  of  paraaicoid  egga 
lald/darrhosca  killed/dat  was  0.48,  0.37,  0.71,  0.67,  and  0.33  at 
13.6,  19.4,  23.3,  27.2,  end  31.1  C,  reapeccivelj.  Paraaicold- 
Induced  hoar  aortalicr  and  oviposicion  raCea  at  13.6  C were 
Bpproxlaatelj  24  and  37T  leas  than  at  23.3  C.  These  rates  declined 

31.1  C.  The  rata  of  parasltoid-induced  boat  aorcalic?  is  apparencl; 
leas  teoperature  dependent  chan  is  Che  race  of  oviposicioo. 

Paraaicic  hpaenopcera  have  panoiatic  ovarioles  and  their  eggs 
develop  throughout  their  adult  lifespan.  The  presence  of  eggs  at 
all  stages  of  developnenc  enahlea  a feaale  to  oviposit  if  hosts  are 
available  (Fisher  1971).  If  all  the  aacure  egga  are  laid  all  at 
once,  the  fenale  can  reletivelp  quicklp  nature  Chose  eggs  that  are 
onlp  one  stage  behind  (ling  and  Richards  1969).  The  race  at  which 
these  egga  Batura  would  be  expected  to  depend  on  teaperacure,  since 
Best  developQencal  phenonena  are  Cenperacure  dependent  in 
poikllochernic  organlsns. 

Paraeitold-lnduced  boat  mortalltj,  on  the  ocher  hand,  is  a 
behavioral  phenoaenon.  It  Bsp  be  teaperacure  dependent  to  the 
extent  that  the  pscasicoids  oa;  be  more  active  and  mj  Cake  less 
tine  CO  locate  and  kill  hosts  SC  higher  cenperacurea.  The  actual 
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sclngiog  anij  paralysis  af  a KoaC  Cakes  aal;  a fav  aaconda,  hovever 
(BendrickaoD  aad  Barch  197$).  Tha  arena  in  which  the  hosca  ware 
placed  Id  che  experinenc  was  so  aaell  ChaC  a paraaicold  would  noc 
have  Co  speed  ouch  cloe  or  afforc  In  locaclog  a host.  The  caoperacura 
facCor  la  Charefore  not  llkalp  Co  have  Influenced  dailj  host  aorCalicj 
rates  as  ouch  as  it  would  have  affected  the  dally  ovlposleion  rates. 

The  aailDUD  oviposlclons/day  of  8,3.  9,3,  13.3,  11.5,  and  8.3 
eggs/feoale  were  reached  ac  U.  11.  6,  3,  and  4 day  ages  of  the 
pacnalcolds,  respectively,  aC  13. 6,  19,4,  23.3,  27.2,  and  31.1  C 
(Figure  4-5).  The  naxlaua  paraaltoid-lndoced  hose  Bortalltiea/day 
were  14  hosts  killed  at  age  7 days,  16  hosts  killed  at  age  12  days, 
18.5  hosts  killed  at  age  6 days.  17,5  hoaCs  killed  aC  age  5 days, 
and  16  hosts  killed  at  age  5 days  at  13.6,  19.4,  23.3,  27.2,  and 
31.1  C,  respectively  (Figure  4-6). 

In  cooparlson  to  Chase  naxlaua  ovipoaicions/day  and  parasltoid- 
hoae  «orCalieIes/day  for  B.  intenedlus.  L.  trltolil  attained 
oaiiBUD  daily  oviposicions  of  33  to  39  eggs  on  age  4 days  ac  23  C 
age  2 days  ac  30  C,  and  age  1 day  at  33  C,  The  Qsxirauo  L.  crifolli 
oviposicions  of  15  eggs  in  a day  occurred  at  age  5 days  st  20  C. 
Hlnloal  leafainer  oviposltion  occurs  at  13  C with  a saxlauB  of  2 
eggs/fesale  aged  6 days  (Uibee  1984).  The  respective  predicted 
average  daily  rates  for  £.  Internedlus  at  15,  20,  23,  and  30  C 
are  5.2,  0.7,  0.3,  and  0.34  for  host  aortallty  and  2.3,  0.4,  0.2, 
and  0.2  for  ovlpoeltloo  tor  every  L.  trlfolll  egg  laid  at  the 
BaxiBUB  rates  aa  reported  by  Lelbee  (1984). 
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With  BVftragft  lifespan  host  mortalit;  anl  ovlposltlon  ratea  as 
high  as  5.2  and  2,3  tlaea  that  of  the  oaxlaua  leafalner  cvlpcsltion 


alght  be  adequate  for  regulation  laafalner  populations  a 


t aortalltf 
C.  Interaedlus 


tenperaturea.  Interaedlua  cvlposltlon  and 

Is  St  a disadvantage  relative  to  trifolil  w 

Under  theae  clrcuBstances,  It  night  be  expected  chat  L,  trifolil 
populatlona  otaf  Increase  under  warning  conditions.  Thia  has  been 
observed  in  Che  spring  conaco  season  (Schuster  personei 
coaaunicatlonj . The  results  of  the  experiments  reported  here  Dap 
partlallf  explain  whp  leafminers  tend  Co  increase  in  Che  spring 
with  a rise  in  teaperacure. 


CHAPTER  V 

DIURNAL  PATTERN  IK  OVIPOSITIOR  AND  HOST  MORTALITY 

ZetiDder  and  Truable  (19S4b)  ahotfed  Chat  LlrloPYga  app. 
leafniners  axhibited  circadian  paccarna  In  flight  actlvitj  and 
larval  eaerganca.  Flight  acclvlcp  of  leafolnera  peakad  batwean 
0700  and  1100  h.  HoaC  puparla  and  aaarging  larvae  were  also 
collaccad  in  tha  aaaa  tina  period. 

There  have  been  no  studies  on  the  circadian  patcarna  of 
Dittlvphus  incerBadlua  and  patcarna  of  onlf  a few  other 
parasitic  Hfaenopcara  have  been  acudled.  Sugisoto  and  lahii  (1979) 
noted  that  dally  host  nortallty  froB  parasitiaation  and  hoat 
feeding  by  Chryaocharia  nentheua  (Walker)  fluctuated 
parlodically  during  its  Ufa  vhen  observed  in  the  laboratory  under 
24  h light  conditions,  C.  pentheus  adults  parasitized  Bore 
hosts  during  Che  first  6 h and  fed  on  hosts  aore  during  the 
aubsequant  3 h in  a 24  h period  after  the  paraaitoida  had  been 
deprived  of  hoses  for  1 day,  Kyrop  and  SinBona  (19S6)  trapped  Bore 
adulta  of  Glvpta  fumlferanaa  (Vlarack),  a peraaicoid  chac 
actacks  the  spruce  bcdworc  Choristoneura  fuaiferana  (Clenens), 


If  circadian  acicivity  patterns  o 
knovn,  saapling  and  Bonltorlng  for  Che 


>,  pesticides  could 
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leafalners. 

TKe  experioenta  reported  in  this  chapter  eere  dope  to 
deteralce  the  lafluecce  of  Che  tine  of  da;  on  peraalcold 
oTiposlcloo  and  paraalcoid-lnduced  hoot  aorcalltj. 

Haterlala  and  Methods 

Flve-da;-old  fenalea  were  ucillzed  aince  ovlpoalclon  and 
paraalcoid-lnduced  hoac  aortallc;  recee  peaked  on  the  fifch  da;  ac 
27,2  C (see  chapter  IV}.  Female  paraeltoida  were  iaoleced  from  the 
colon;  upon  eierpence,  paired  with  da;-old  males  for  1 da;,  and 
Chen  placed  aingl;  in  ISO  x IS  nn  petrl  dlahea  with  leaflet  places 
containing  30  or  more  Srd-lnacar  L.  trifolll  larvae.  Fresh 
host  larvae  were  provided  ever;  da;.  Females  were  removed  at  0730  h 
on  the  Sch  da;  and  placed  la  a new  petrl  dish  containing  host 


For  each  female  tested.  5 patri  dishes  were  prepared.  Each 
petrl  dieh  had  20  leaflet  places  with  each  leaflet  place  containing 
a single  3rd-lnatar  host  larva.  The  petrl  dishes  were  held  In  a 
refrigerator  at  S C to  arrest  leefniner  development  so  Chat  no 
ph;slologlcal  age  differences  existed  between  host  larvae  offered 
to  the  parasltoids  at  different  tines  of  the  da;.  The  petrl  dishes 
were  removed  from  the  refrigerator  and  allowed  to  equaliae  to  the 
rearing  room  temperature  for  S minutes  before  being  utilized  for 
Che  ezperlmenta. 

The  ezperlmenta  were  done  In  a rearing  room  maintained  at 
25-27  C.  Fluorescent  lighting  inside  Che  room  was  turned  on  at 


CD  oTlpoait  in  cKe  first  6 hours  end  hcsc-fsod  during  Che  aubeequenc 
3 hours  in  a 24-h  period  (Soglnoco  and  lahll  1979). 

The  paraalcolda  were  not  active  during  the  acocophaae.  Only 
two  of  Che  feoalea  were  even  allghlty  acclve  ac  night,  hone  of  the 
other  parasltolda  killed  hoaCa  or  laid  eggs  at  night.  Paraalcolda 
were  not  eovlng  and  were  usuallf  found  underneath  Che  leaflet 
pieces  or  awa?  froa  the  leafleca  when  the  pecrl  plates  were  reooved 

feaale  parasltolda  were  at  aoae  distance  from  host  larvae  when 
resting.  Thep  sap,  therefore,  need  vlaloo  to  search  and  locate 


ovlposltlon  and  paraaitoid- 


1200 


e was  greeter  paraaicoid 

ed  boat  norCallCj  during  Che  0800 

0 1600h  and  Che  1600  Co  2000 


period.  The  S-day-c 

beginning  of  the  dap  and 
killed  during  Che  first  | 


In  c 


d Trunble  1984b), 


(Zehnder  at 
parasitold  to  be  aoat  act: 
Charlton  and  alien  (1981) 
trlfolil  larvae  exit  Iron 


feeales  had  been  prevlouslp  conditioned  1 
fresh  host  larvae  available  Co  then  at  th 
1 (tap  explain  whp  acre  hosts  were 
of  Che  phocophase. 
nature  larvae  emerging  bp  1100  h 
Ic  would  be  to  the  advantage  of  the 
during  the  earlp  part  of  Che  dap. 


the  leaves  during  Che  latter  part  of 
•he  timing  of  the  emergence  of  mature  host 


ei 

Che  leaves.  This  type  of  hehevior  would  eoable  Che  psraaicolda  Co 
utilise  Che  nose  mecure  and,  hence,  Che  largest  hoot  larvae. 

In  addicloo,  although  presuiaahly  equivalent  hoec  larvae  were 
offered  at  1200  and  IdOO  h,  parasltoid  ovlposlclon  and  paraalcold- 

cohdicloning  alone  does  not  fully  expleln  Che  obeerved  behavior. 

coBCrol,  ic  nay  be  best  to  do  so  during  the  period  of  least 
parasicold  activity,  l.e.,  during  the  nlghc  hours  or  In  Che 
afternoon  or  evening.  This  would  allow  some  adult  paraslcoids  that 
say  be  reatiog  away  froa  cha  plance  to  escape  Inaectictdal 
Bortallty.  Spraying  at  these  tlioes  any  conserve  paraeltoida  but 
■ay  also  be  less  effective  against  leafelner  adults  since  chair 
lease  active  period  aolncidea  wlch  that  of  Internedius. 

Under  such  conacralncs.  It  aay  be  advisable  to  use  leafffllner 
larvlcides.  Schuster  and  Everett  (1983)  showed  thac  cyroaezine 
(Trlgard^  was  an  effective  leafuklner  larvlcide  and  that  Trigard 
realduea  on  COBato  were  least  lethal  to  leafolner  adults. 


Introduction 

L.  trifolll  ia  attacked  by  different  peresltolda  In  the 
field,  and  it  is  ieportant  to  know  if  an?  niche  diviaion  occura,  < 

for  hoeta  la  underatood.  Leaa  and  Poe  (1979)  ahowed  that  Oplua 

larval  endcparaeitoid,  attacked  72-h-cld  and  I20-h-old  aativae 
larvae,  reapecCivel?,  The  hoata  were  reared  at  20  ± 7.9  C.  The 
L.  trlfellt  Urvel  atage  laata  about  288  houra  at  20  C (Lelbee 
1964).  The  larval  period  of  aativae  la  probabl?  conparable  am 
hence,  120-h-old  larval  L,  aativae  are  likel?  to  be  in  their 


Kendrlckaon  and  Barth  (1978)  ahowed  that  Interaedlua 
preferred  to  ovipoait  on  3rd-inscar  rather  chan  Ind'inatar 
Lirloavta  trifoilearua  Spencer  larvae,  although  it  fed  on  all 
three  Instars  under  laborator?  conditiona.  ho  paraaitoida  were 
reared  froa  2nd-lnatar  hoat  larvae.  Nearlj  19Z  of  field  collected 
larvae  of  the  alfalfa  blotch  leafainer,  Anroinvza  froatella 
(Rondani),  were  paraaitized  by  B.  interaedlua.  Thia  paraaitoid 
Preferred  3rd~-inatar  hoata  although  23.72  of  the  paraaitized  hoata 
were  2nd-taetar  larvae.  Hendrlckaon  aod  Barth  (1978)  attributed 
the  failure  of  2-  internediua  in  paraeitiziog  2nd-inatar  U 
trifoilearua  larvae  to  the  aaaller  hoat  alee. 


The  preference  of  a paraalCold  for  a particular  host  aize  la  a 
fairly  toa««n  phaaoianon.  Hraoaeier  ezlaua  (Vlereck)  laid  2.3 
and  1.3  agga  per  24  h in  lac  and  2nd  Inatar,  raapacclvely,  of 
Trlchopluaia  nl  (Hubnar)  larvae.  Ovlpoalclon  declined  for  each 
aubaequent  loacar  CSallovlcz  and  Ivancsch  1975).  Succeaaful 
paraaitiaa  by  Che  braconld  CardlocMlea  nigrlceoa  (Vlereck)  wee 
leaac  in  flfth-inatar  larvae  of  Hellothla  vlreaeena  (F.)  and 
1[.  eubf  leva  (Guernee)  (Levia  and  Vlnaon  1971). 

The  ezperlaancs  reported  here  were  done  Co  teat  If  different 

for  ovlposiclonal  and  non-ovlpoeltlonal  purpoaea. 

Materials  and  Hethoda 

Leafalnere  end  paraelcolda  were  reared  as  previously  described 
In  chapter  III.  Twenty  96-h-old  L.  trifolll  larvae  (referred 
Co  as  young  larvae  froo  hereon),  and  20  120-h-old  larvae  (old 
larvae),  In  cut  tonace  leaflet  pieces,  were  arranged  In  each  of  5 
150x13  OB  pecrl  dishes  cooCainicg  waCer-BOlsCened  filter  papers. 
Five  young  larvae  were  alternated  with  5 old  larvae  in  each  of  che 
radially  sectored  octants.  Two  additional  plates,  one  with  20 
3rd-lnstar  larvae  only,  and  another  with  20  Fnd-lnatar  larvae  only, 
were  also  aalntalned.  A single  5-day-old  sated  female  parasltoid 
was  introduced  into  each  pecrl  dish.  The  adults  were  aubsequenrly 
removed  after  a period  of  less  chan  24  hours  and  che  number  of  host 
larvae  killed  and  che  number  of  parasltoid  eggs  laid  were  counted. 
The  ezperlienc  was  replicated  4 ciaes,  once  on  each  of  4 days.  The 


Si 

exposure  period  varied  for  the  4 repllcatea.  The  exposure  tine  was 
Che  oaoe  for  each  of  the  peer!  dishes  placed  on  anj  particular  dap. 
The  experlaenta  were  done  in  the  rearing  roon  at  Che  prevailing 

Results  and  Dlscusaion 

The  results  of  the  experlnenca  are  susaarlted  in  table 
6-1.  Signlflcaotlp  sore  old  larvae  were  killed  and  parasitized 

Table  6-1.  SelatloQShlp  between  L.  trifolli  larva  age 

and  eean  no.  of  eggs  laid  and  hosts  killed  by 
D.  Internedius  C±  ISO) 

Choice  or  IKoats  tilled  dEsas  Laid 

No  choice  96h  120h  55h  I20h 

Choice  3.2  (3.D)  6.0  (3.2)  1.3  (1.7)  5.8  (3.6) 

No  Choice  10.8  (6.6)  5.0  (5.3)  5.3  (5.1)  5.5  (5.5) 


than  were  young  larval  hosts  whan  the  parasltoids  were  given  a 
choice  (paired  t-teats  for  pooled  data,  p >.0DI).  Young  larvae 
were  as  acceptable  as  old  larvae  for  ovlposltlon  end  host  aortallty 
was  the  Base  for  larvae  of  both  ages  when  the  parasltoids  did  not 
have  a choice  of  different  aged  hosts. 

Intereediua  could  utilize  synchronous  as  well  as 
asynchronous  host  populations  under  such  circumstances.  Thla  fact 
la  Important  to  recognize  since  the  application  of  stage-specific 
Insecticides  such  as  adultlcldes  say  tend  to  synchronize  the 
affected  populations  for  at  least  a short  period. 
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population  denaltlaa  vlth  aynchroncua  hoat  populatlona,  hovavar. 

paraaitolds  anerging  froa  anall  larvae  Bay  be  amaller. 

Triehogranaa  evanaacena  Uaatwood  vara  aaalLar  whan  rearad  oa 
asallar  alzed  Sltrotoga  cereallella  (Olivier)  boat  agga  (Salt 

Tba  advantage  to  D.  Interaedlua  of  attacking  larger  boata 
can  ba  underatood  if  we  conalder  tba  relatloaahlp  between  boeta  and 
all  paraaltoida  of  leafnlnera.  Ectoparaaitolda  atlng  their  boats. 
They  cannot  rely  upon  hoat  growth  to  supply  food  for  chair 
offspring.  Bndoparssicolda  keep  tbair  hoata  alive  and  can  rely  on 
host  growth  for  Chair  offsprings'  growth.  Askew  (1975)  found  no 
aarly^attacklng  eccoparasitoids  of  Phyllonorvcter  app.  laafnlnera 
while  Syntonaaoie  app.  and  Eurytona  app.  ectoparasltolds 
attacked  young  hosts  in  oak  galls.  In  oak  gella,  ecCoparaaioCida 
could  aupplenenc  their  diet  with  gall  BaCerlal  whereas  there  la  no 
provlalon  for  phytophagy  in  leafninea.  Askew  (1973)  suggested 
chat,  to  a certain  estenc,  the  divergence  in  hoat  selection,  with 
endoparaslcolda  attacking  young  laafalners  and  actoparasltoida 
attacking  older  leafnlnera,  reduced  Che  likelihood  of  ecto- 
pdtdalColde  attacking  a hoat  already  containing  an  endoparaaicold , 

Tba  partitioning  of  hosts  betwaan  accoparaaicolda  aad 
aadoparaalcoida  is  not  well  daftnad,  bowaver.  I have  raarad  a 
Chryaontonyia  ap.  adult  froB  a field 


collected  Dlalyphua 


pupa.  I have  also  observed  D.  internedlus  parasitising  host 
larvae  that  have  already  been  paraeltlaed  by  another  Individual 
Inceraedlue.  Tbia  suggests  thee  they  say  not  be  able  to 
distinguish  betveen  paraeitieed  and  nooparasltised  host  larvae  or 
oiay  paraeitize  hosts  even  after  recognizing  the  hosts  as  having 
been  parasitized  by  others.  If  this  la  truOi  they  nay  Just  as 
readily  attack  eodoparasltized  boat  larvae. 

ara  agually  available  Co  the  parasitold. 


CHAPTER  VII 

INPACT  OF  ALTERING  HOST  AND  PARASITOID  DENSITY 
ON  DAILY  PARASITISH  RATE 

The  rate  of  parasltlSD  la  the  Seerege  et  al.  (19E0J  aoHel  u 
e fuactioa  of  hoat  aod  paraeltoid  deasitles. 

Figure  1-1  ahowa  the  adauned  relatloDahlp  between  t 
paraaitiso  and  host  and  parasitold  denaities  at  a c 
temperature.  Equations  (7}  and  (S)  : 


2.Sp.nj  U - eip(nj/Kh)) 


..Ep.n, 


‘ Sl» 


(I) 

(8) 


are  alternative  closed-form  equations  generating  families  of 
curves,  like  Figure  1-1,  as  already  mentioned  in  Chapter  II. 

In  computer  slaulatlone  of  the  model,  Musgrave  et  al,  (19S0) 
assumed  Kh  and  Rp  Co  be  5 larvae/o^  and  2 larvae/adult-day.  The 
espariaents  reported  in  this  chapter  were  done  to  obtain  a solid 
description  of  Che  race  of  paraalciaa  as  a function  of  leafolner 
and  parasitold  deosltlea  sc  a constant  teaperacure.  All  experi- 
ments were  done  in  the  laboracory  and  required  the  confinement 
of  parasitolda  to  cages  in  which  leafolner  infested  plants  were 


Materials  and  Hethode 

Several  lioitaciona  were  encountered  in  the  experimental 
design.  Ideally,  observations  on  parasicoids  should  be  made  in  a 


allows  Che  paraelcolde 


asturallj 


out  of  the  areoa.  This  would  enable  Che  paraslcoida  Co 
nacurall;  end  to  have  randoo  access  to  hoses,  also,  Che 
of  eocouncerlng  the  saae  hose  again  would  not  be  due  to 


likelihood 


to  a restricted  arena.  Areoa  elze  would  cercalnly  be  laportant  if 
the  period  of  observation  was  large  and  paresitolde  were  confined 
to  a snail  region.  Because  of  Che  soiall  else  of  adult  paraaicolda, 
it  la  not  possible  Co  nonlcor  peraelcold  denalciee  in  a large  arena 
with  no  cooflneaenc  facilities,  however.  Nor  Is  it  possible  to 
DalnCain  uoiforBlty  In  leafalner  and  paraslcold  densities  between 
observation  plots.  It  la  also  not  possible  Co  Daincein  environ- 
mental condltloos  conecant. 

To  overcome  these  problame,  a compromise  was  made.  Female 
parasitoids  were  confined  in  67  x 67  a 67  cm  cages  within  a 
controlled  environment  room  for  12  h observation  periods.  There 
were  several  advantages  Co  using  cages.  inCermediua  deneicy 
per  cage  was  easy  to  record  and  manipulate,  and  ocher  paraslcold 
apeciee  were  excluded.  As  Che  cages  used  were  rslaclvely  small,  it 
was  possible  to  keep  them  lo  a controlled  envlroomenc  room  and 
hence  at  cosecant  temperature  and  uniform  light  condiciona.  One, 
one-month-old  greenhouse  grown  tomato  plant,  with  approxiestely 

of  leaf  ares  wes  sufficient  Co  sustain  as  many  as  200  or  more 
leafalner  larvae,  and  a wide  range  of  leafminer  densities  was 
possible.  With  cages,  it  was 


possible  to  alter  leafalner  densities 


and  maintain  uaiforalty  o 
ToDaCo  hoat  planca. 


larval  age  to  a aacb  greater  extent 
ne  In  the  Field. 


grown  and  oaintained  in  the  greenhouee  aa  deacrihed  in  Chapter  III. 
The  planta  aelected  were  approxieatlef  30  daja  poat-trenaplant.  30 
to  60  ne  tall,  had  about  10  to  13  leavea,  and  were  Juat  beginning 
to  bloaaoa.  Planta  of  tbia  aize  Juat  Fit  into  the  67  x 67  x 67  on 
cagea  and  allow  the  eaxieuo  noount  of  leaf  area  poeaible  on  one 
plant  tonflned  in  the  cage.  The  planca  selected  had  approxinatel; 
2000  Co  3000  eq  on  leaf  area,  although  on  ocaaaiona  plants  were 
aoialler  or  larger.  Planta  were  aoved  free  one  holding  area  to 
another  with  care  to  eininize  Che  damage  to  leaves  during  handling. 

After  selection,  6 plants  were  moved  to  the  refrigerated  truck 
bodp  which  housed  Che  leafminer  colonj  (see  Chapter  III).  Three 
toBBto  plants  were  exposed  to  leafminer  adults  confined  in  each  of 
two  67  X 67  I 67  cm  cagea.  The  number  of  leafminer  adults  confined 
in  Che  ovipoaition  cage  was  varied  from  as  few  aa  10  to  as  many  aa 
30.  The  eipoaure  period  was  also  varied  from  as  little  as  1 minute 
to  4 hours.  It  was  possible  to  obtain  various  leafminer  larval 
densities  bj  aanlpulatlng  the  number  of  adult  flies  and  Che 
exposure  period  as  Juat  described.  After  exposure  to  leafminer 
adults.  Che  plants  were  moved  Co  holding  cagee  end  malnceined  in 
the  menner  described  in  Chapter  III. 

After  3 dapa,  plants  containing  3rd-inatar  larvae  were  removed 
at  0800  h and  taken  to  the  Inseccarp  rearing  room  for  expoaura  Co 
f parasltoida.  Of  the  6 plants  Initially 


different  denaittes  o. 
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exposed  Co  Che  flies,  5 plants  were  selected  for  expoeure  Co  Che 
paraslcolds.  The  plane  aosc  differeac  iron  the  ochera  in  height  or 
quality  or  leafslner  deneicj  was  discarded.  One  plant  was  placed 

The  paraslcolds  used  in  chose  experiaencs  were  collected  4 
days  earlier  on  emergence  and  40  females  and  20  oalea  were  coofinad, 
10  females  and  5 males  Co  a dish,  in  ISO  I IS  nm  peect  dishes.  Each 
dish  cootaioed  40  Co  60  3rd-lnstar  leafnlner  larvae  io  tomato  leaf- 

parasicolds  were  isolated  singly  In  sixe  00  gelatin  capsules  and 
sexed!  malea  were  discarded.  One.  2.  3,  4,  or  S paraslcoid  females 
were  then  released  Into  each  of  the  5 cages  holding  the  plants, 
after  12  h plants  were  removed  from  Che  cages,  shaheo  Co  dislodge 
paraslcolds  and  tcaoaferred  to  Che  lahoracory  adjoining  the  rearing 
room  at  2000  h. 

Plant  height,  age,  numher  of  leaves  and  leaflecs  per  plant 
were  counted.  A Llcor"  leaf  area  meter  was  utilized  to  record 
Che  total  leaf  area,  the  area  of  leaflecs  containing  mines,  and  the 
area  of  leaflets  containing  parasitized  nines,  A record  was  kept 
of  the  number  of  empty,  live  aod  paraalcizad  mines  in  each  of  3 
leaf  categories.  Leaves  were  classified  as  old  (usually  the  1st  3 
leaves  which  showed  signs  of  yellowing),  fully  expanded  leaves  (the 
msJorlCy  of  the  leaves)  sod  unexpanded  leaves  (usually  the  Cop  3 to 
leaves  although  occasionally  there  nay  have  been  several  more  in  a 
anall,  tight  bundle  at  the  plant  apex).  Hines  cooCaioing  paralyzed 


larvae  were  diaeected  end  the  nenber  of  esga  laid  oo  each  larva  van 
recorded. 

The  erperlaent  was  repeated  aeveral  tlaea.  The  aealgriDent  of 
parasitolde  to  Che  cagea  wan  rotated  ao  that  the  aaae  cage  had  Che 
aane  paraaitoid  deoalty  everp  5th  tine.  Becauae  the  planta  varied 
In  leaf  area,  and  leafalner  ovlpoalcion  could  not  be  made  unlfore 
on  each  plant,  It  wad  not  posaible  to  regulate  leafalner  deaaitp  aa 

and  hence  in  each  cage,  could  have  been  kept  Che  aaoe  bp  deecroplng 
aome  larvae  on  each  plant.  However,  Chla  would  oot  have  been 
appropriate  for  2 reaaona.  Paraaitoids  searching  a greater  leaf 
area  with  the  aaoe  number  of  oinea/cage  would  take  longer  than  for 

leefninara  map  elicit  its  own  reapoeae  from  the  paraaitoids  If  the 
paraaltoida  cue  in  Co  host  plant  daaage  in  loceclng  leafalnera. 

The  5A5  NLZH  pocedure  (SAS  1982)  was  utilized  to  dacribe  the 
relatlonahlps  between  leefminer  denaltp  and  rate  of  parasitism  at 
different  paraaitoid  densities.  The  same  procedure  was  also 
utilized  to  describe  the  relationship  between  leafalner  denslcp  and 
paraaicold-lnduced  host  morCalltp  at  different  paraslcoid  densities. 
Chi  square  (X  ) testa  were  done  Co  determine  if  Chare  was  anp 
effect  of  altering  either  leafalner  or  paraaitoid  denslcp  on  the 
numbers  of  paraaitoid  eggs  on  paralpzed  host  larvae. 

Xeaulte  and  Discueslon 

Two  race  of  parasitism  models,  the  rectangular  hpperbola  and 
Che  negative  ezponanciel  equaciona  proposed  earlier  bp  Sierage  ec 
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al.  (1908),  fit  equally  well  cKe  obsarvad  valuas  of  rated  of  para- 
aittaa  when  plotted  against  leafainer  deoaltiaa  la  the  0.00-0.06 
larvae/aq  ca  range.  The  exponential  eguaclon  obtained  using  the  SAS 
nonlinear  regression  techniques  was 

Y . tp.nj.d  - «p(-nj/Ih);  (r^  - .79)  (T  - 25-27  C)  (6) 


day.  With  a value  of  7,3908,  Kp  ia  a conatant  with  Che  units, 
nuaber  of  hosts  paraaitlsed/paraaitold-dar.  Densities,  and 
are,  respeccivel;,  parsalcolds/cage  and  leafainer  larvne/leaf  area 
(ca  ),  Another  constant,  fh,  la/leafalner  hoata/leaf  area  (ca^). 

Reaults  of  the  eiperlaents  alao  vere  utilized  Co  fornulace  the 
aiailar  but  paraaetricallj  different  equation  (S)  belov  ezpreaalng 
paraaicnld-lnduced  host  aoctalltr  ae  a function  of  host  and  pera- 
altold  densities  at  23-27  C: 


Z . Cp.njd  -Bzp(-nj/Ch))  (r^  • .78)  (T  • 25-27  C)  (3) 

where  Z,  the  paraaitold-induced  host  aortalltp  rate,  Is  the  nuaber 
of  hosta  kllled/day.  With  a value  of  9.2064,  Cp  Is  a constant 
with  the  units  nuaber  of  hosts  killed/paraaltold-day  and  Ch  la 
0.0165  leafainer  larvae/leaf  area  (ca^). 

The  predicted  relationship  between  host  danslcr.  pacaaltold 
density  and  the  rate  of  parasitiaa  utilizing  the  negative  expo- 
nential equation  la  depicted  In  figure  7-1.  The  relscionahip 
between  rate  of  parasltoid-lnduced  host  eorcalltj  and  host  and 
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Figure  7-2. 


(Table  7-1). 
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«l|«i£teant  ac  o < 0.01  level  (X^  . 15.6.  d£  ■ 20). 


parasicolds  were  ftlmilarlr 


In  another  4 obeervattons.  the 

In  the  reaaintng  7 obaervetlooa,  the  BaxlDuo  number  of  mines  on  the 
leaflet  was  4.  The  pareeltolde  were  perhaps  equallf  attracted  to 

If  man;  leafminer  Infeated  Leaflets  were  cloae  to  each  other.  This 
was  not  tested,  however,  as  It  would  have  required  determining  the 
area  of  each  leaflet  and  measuring  distance  between  individual 

A small  Leaflet  with  10  larvae  ma;  not  have  the  same 
actreccloD  to  a parasitoid  as  a large  leaflet  with  the  aame  number 
of  larvae.  If  the  cue.  to  which  the  parasltoids  responsed,  is  a 
volatile  chemical,  there  would  be  greater  concentration  of  the 

be  strongl;  attracted  b;  cheoicala  produced  b;  their  hoata  <e.g 
(e.g  Vinson  1975). 

In  this  chapter,  the  rates  of  parasitism  and  parasitoid- 
Induced  host  aortalit;  were  shown  to  he  functions  of  parasitoid  and 
hoat  densit;.  These  relationships  are  represented  b;  equations  (4) 
and  (5)  for  parasitism  and  parasitoid-induced  host  aortalit;. 
respective!;. 


CHAPTER  VIII 

MULTIPLE  OVIPOSITION  AND  ITS  INFLUENCE  ON 
PROGENY  SURVIVAL  RATE 

Introduction 

It  uss  ahown  In  the  experlnenta  reported  In  the  previous 
chapters  Chat  D.  intersedlus  does  not  always  lay  jost  a single 
egg  on  s host.  On  one  occssslon.  there  were  60  parasltlod  eggs  on 

stsge.  Hendrickson  and  Berth  (1978)  reported  2 to  3 eggs 
occasionally  developing  on  a single  host  larva.  I have  reared  3 
parasitold  adults  Iron  a parasltizad  leafniner  larva  collected  in 
Che  field.  The  number  of  psrasltoid  eggs  that  successfully  reach 
Che  adult  stage  may  depend  on  their  density  on  a host  larva.  The 
number  of  surviving  progeny  of  parssitolds  may  influence  the  host 

In  this  chapter,  experlaents  done  to  deterelne  the  survival  of 
progeny  of  parasltoids,  as  influancsd  by  Che  density  of  parasicoid 

Materials  and  Methods 

The  laafninera  and  parasltoids  used  in  this  experiment  were 
reared  in  the  manner  described  earlier  in  Chapter  111.  Paraslclxed 

the  colony  and  placed  in  artificial  mines  constructed  in  Che  manner 
described  by  Patel  and  Schuster  (1983).  Parasitold  eggs,  less  chan 
26  h old.  were  diasacted  from  mines  containing  parasitised  hosts 


artificial 


or  & parasicold  eggs  ware  placed  aext  to  each  host  larva.  A cover 
allp  was  placed  on  Che  Biaa  and  Che  entire  eiiae  was  kept  in  a LOO  t 
13  ea  petri  dish  containing  a watar-Boiatened  filter  paper.  The 
water-Boiacened  filter  paper  provided  relacivelp  high  huaidicp  to 
prevent  the  egga  and  auhaequenc  stages  of  Che  paraaitold  froa 
desalcatlng.  The  nusber  of  boat  larvae  utiilaed  was  12  with  1 egg/ 
larva,  6 with  2 eggs/larva,  & with  3 egge/lerva,  and  3 with  4 egga/ 
larva.  There  were  12  eggs  at  each  egg  denaity. 

The  peer!  dishes  were  Beintalned  in  the  Inaectary  rearing  rooo 

described  io  Chapter  V,  Filter  papers  In  Che  petri  dishes  were 
BOiatened  daily.  The  petri  dishes  were  kept  ontll  no  sore  adult 
paraaitoids  eeerged  from  the  mines.  The  experiBont  was  replicated 
3 tieea.  The  nunber  of  parasltoida  emerging  froB  each  aine  was 

SAS  ANOVA  pocedura  CSAS  1982)  was  utlllBed  Co  deternine  if  any 
relationship  existed  between  the  Initial  total  number  of  eggs  placed 
at  each  egg  denalty  and  the  totai  nuBber  of  egga  reaching  Che  adult 
stage  at  each  density. 

gesulta  and  Diacuaalon 

Results  of  the  experieent  are  presented  in  Cable  8-1.  The 
initial  density  of  eggs/larva  is  in  the  lac  coLuBn  of  the  Cable. 

The  mean  nuaber  of  eggs  that  reached  the  adult  stage,  at  each  egg 
density,  are  in  the  2nd  column.  The  data  in  Che  2nd  column  was 
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CHAPTER  IX 
CONCLUSION 


Hendrickson  end  Barth  (1S76)  showed  Chat  interaedius 
Cefflales  produced  an  average  AO. 2 progeny  on  L.  trllollearua 

in  chapter  IV.  I have  shown  chat  the  aean  values  of  interaedius 
EecundlCTi  and  longevity  and  of  internedius  induced  oortality 
of  L.  trifolii  are  teapereture  dependent.  interaedius 
fecundity  increased  froa  19A.7  eggs  at  IS. 6 C to  221.7  eggs  at  19. A 
and  Chen  declined  to  126.3  eggs  at  27.2  C and  67. A eggs  at  31.1  C. 


The  aasiauB  number  of  host  larvae  killed  was  at  15.6  C,  the  lowest 
teapereture  studied.  The  longevity  of  feaale  interaedius  was 

Equations  describing  the  relationship  between  teapereture  and  D. 
interaedius  fecundity,  longevity,  and  interaedius  induced 
host  aorcality  are  reported  in  Chapter  IV, 

D.  interaedius  fecundity  Is  auch  higher  than  leafainer 
fecundity  on  coaato  reported  by  Patel  {1980  and  observed  by  Lelbee 
(19SA)  on  celery  in  Che  15.6  to  23.3  C range.  Ac  teaperaCurea 
greater  than  23.3  C.  £.  interaedius  fecundity  declined  while 
that  of  L,  trifolii  on  celery  and  tomato  continued  to  increase. 

The  average  daily  rates  of  £.  ^ii^eraedi^-induced  host  aorcality 
end  incermedlus  fecundity  on  leafainers  reared  on  comaco  were 


respectively,  those 


fecundity 
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tritolll  on  celerj  as  calculated  Iroa  Lelbee’s  (1984)  data.  Tha 
peak  dallj  rate  of  ovlpoaition  by  L.  trlfolii  was  botween  35  aad 
39  eggs  on  celery  In  Che  25  Co  30  C ceBperacure  range  and  this  peak 
dally  rate  uas  reallaed  in  the  first  1 to  4 days  alter  the  flies 
energed  (Lelhee  1984). 

In  conparison.  peak  £.  interBedtus  ovIposicioQ  rata  ranged 
from  8,5  egga/feBale-day  to  13.5  egga/feioele-day  and  host  Bortallcy 
ranged  froo  14  to  18,5  larvae/parasicold  feBsle-day  In  Che  19.4  to 
31.1  C teaperature  range,  hoc  only  are  peak  P,  Intereedius 
oviposiclon  and  host  eortalicy  races  lower,  they  also  occur  later 
than  the  peak  of  leafalner  ovlpoaition.  Peak  rates  of  D.  Intereedius 
ovlpoaition  and  host  mortality  do  not  occur  until  at  least  the  4ch 
day  after  the  paraaltold  adulta  amerge.  At  15  C,  _L.  trifolii 
peak  ovlpoaition  rate  reported  by  laibee  (1984)  was  2 egge/female- 
day  while  a £.  intermedlua  fenale  laid  8.5  eggs/day  and  each 
female  laid  a Baxlmun  of  14  eggs/day  at  15.6  C on  leafminers  reared 


If  temperature  i 


particularly  at  31,1 
well  as  ovipositing  o 


e Che  only  determining  factor,  D. 
ble  to  limit  leafnlner  populations  at  low 
St  plants,  such  aa  celery,  that  allow  high 
jwth  rates.  Ac  higher  temperatures, 
leafmlner  populstlona  can  be  expected  to 
:e  than  D.  Intermedlua  populations, 
primarily  active  in  killing  hosts  aa 
;he»  during  the  first  4 h of  a 24  h period 


alnost  coD^lete 


a^dence  o£  ovipoaltion  aod  hoat  killing  accivicj  during  the 

Tvlce  aa  aany  I20-h-old  trifolli  larvae  aa  96-h-old 
larvae  were  killed  by  £.  Intermediua  when  Larvae  o£  both  agea 
vere  Bade  available  to  Intermediua  at  the  aaoa  tlaea  and  4 

larvae.  When  larvae  of  either  age  group  were  available  alone, 

Deddington  et  al.  (1978)  proposed  that  good  biological  control 
agents  should  iopoae  denaity  dependent  boat  mortality.  While  east 
researchers  report  a denaity  dependent  relationship  between  the 
rate  of  parasltiam  and  host  density  (e,g,,  Hassell  1968),  others 
found  alternative  relationships  between  parasitlsn  rate  and  boat 
and  psranitold  densities.  Usage  (1983)  found  that  among  patches  of 
different  denaitlea  of  the  host,  Plutella  avlostella  (L.),  Dladenma 
spp.  ichnuemonids  made  the  moat  frequent  and  longest  visits  to  crop 
plants  with  the  highest  densities  of  the  host  Inaecta  but  the 
Increased  total  host  handling  time  limited  the  oviposltion  race  at 
high  host  densities,  Parasltism/pstch  aa  a consequence  was  denaity 
independent.  Morrison  and  Strong  (1981)  showed  chat  the  aggregation 
of  Cepahalolela  conaansuinea  Baley  (Chrysomelidae)  eggs  on  Heliconia 
imbricats  (luntze)  {Hellconlaeeae)  leaves  Improved  their  chance  for 
esceping  attack  by  eulophlds  and  rrlchograamatida  to  the  eatenc  that 
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an  inverse  relationship  existed 
parasltlsai  and  the  nunber  of  hos 


probability  of 


I found  that  the  relationship  between  parasltlsa/day  and  the 
densities  of  I,,  trlfolli  and  Intereedius  can  be  described  by 


f . Ep  nj  Cl  - exp(-a,/Eb)  (r^  - .79)  (T  . 25-27  C)  (4) 


where  Y,  the  parasitism  rats,  is  the  nueber  of  hosts  parasltlsed/day. 
With  a value  of  7,3906,  Kp  la  a constant  with  the  units  nuaber  of 
hosts  perasltixed/pareslcold-day.  Densities  h2  and  n^  are,  respec- 
tively, parasitoids/caBe  and  leafolner  larvee/leef  area  (aq  cb). 
Another  constant,  Yh,  is  0.0144  leafalner  larvae/leaf  area.  In  the 
equation: 

2 - Cp  nj  (1-  exp(-nj/Ch)  (r^  • .78)  (T  • 25-27  C)  (3) 

Z Is  Che  paraeitold-induced  host  eortallty  rate,  the  nuBber  of  hosts 
Icilled/day.  The  constant  Cp  is  9.2064  hosts  killed/parasltoid-day 
and  Cb  is  0,0165  leafolner  larvae/leaf  area. 

These  results  were  obtained  with  data  froa  laboratory  studies 
involving  caged  Insects  and  only  included  parasitold  denaitiea 
ranging  froa  1 to  3 feesles/cage  and  leafalner  larval  densities 
ranging  froo  0 to  0,06  larvae/sq  ca  leaf  area.  I had  observed 
that,  as  the  leafminer  density  was  increased,  the  number  of  host 
larvae  that  were  hilled  but  not  subsequently  parasitised  also 
Increased. 


There  was  a trend  toward  eora  interaedius  egge/kllLed 
trlfolii  larva  with  decreasing  host  densitr*  The  nuaber  of 
parasltoid  eggs/killed  host  larva  increased  free  1.14  eggs/larva  in 

eggs/larva  in  the  0 to  0.0099  leafoiner  larvae/sq  ca  Leaf  ares  range 
At  low  leafalner  densities  CO  to  0.0099  larvae/aq  ca  leaf  area), 
approziastelr  20t  of  killed  host  larvae  had  3 or  aore  parasltoid 
eggs.  The  naaber  of  paraaitold  eggs/killed  host  larva  did  not  sees 
to  depend  on  Che  density  of  searching  parasltoldSi  as  a test 
showed  no  significeot  relationship  between  these  variables. 

The  frequency  of  survival  Co  adulthood  of  parasltoid  eggs 
depended  on  their  density  on  host  Larvae.  An  average  0.0,  1.1, 

1.35  end  0.95  eggs  became  edulca  when  1.  2.  3,  and  4 eggs  were 
placed  on  each  host  larva  respectively.  Multiplying  the  frequency 
of  different  egg  denslciea  on  host  larvae,  ae  ahown  in  Table  7-2, 
with  the  eggs  aorvlvorshlp  shown  in  Table  8-1  would  give  an  eatlnace 
of  the  nuaber  of  parasltoid  eggs  reaching  the  adult  stage  at  various 
leafilner  larval  denaicies. 

For  eiaople,  with  0 Co  0.0099  host  larvae/sq  cm  leaf  area,  S 
out  of  every  100  hoaca  killed  had  0 perasitold  eggs.  46  had  I egg 


had  3 egga  each  and  the  ramainlng  12 


eggs  at  chat  density 


density  is  multiplied  with  suvivorshtp  of  Che 
, S9  parasltoid  adulca/lntcial  100  hosts  can  be 
The  number  of  paraaicolds  espaeted  to 


9-1. 


i 


2 C,  88.3  J of  Che  e 


TKeae  are  ideal  conditions  of  ceaperature  and  age  of  paraslColds  CO 
eacloace  aaaimuB  race  of  parasicisa.  Parasicoid  age  and  ceBperacure 
affect  the  race  of  parasitlsB  as  described  in  Chapter  IV,  Altering 
teoperacure  and  utllliing  parasicoid  feDalea  founger  or  older  chan 
A days  Bay  redace  the  obaervad  pareslciao  recea.  It  ia,  therefore, 
necessary  to  establish,  through  further  eaperiBencal  work,  the 
effects  of  ceBperacure  and  parasicoid  age  on  daily  paraaiciaB  rata 
as  a funccion  of  host  and  parascoid  densities. 

As  a neat  seep,  to  better  underscanding  £.  internedius 
end  crifolii  population  dynsBics,  sex  ratio  studies  nead  to 

effaces  of  hose  and  parasicoid  Inceraccions  on  parasicoid  sex  rntio 
are  not  incorporated  into  hoat-parasltoid  Inceraccion  studies 
(Haasell  and  Wnage  19Bd).  Sex  ratios  of  the  progeny  of  hyBenopceren 
psresitoids  have  been  ahovn  to  be  influenced  by  factors  such  as 
host  species,  host  slie,  host  denaicies,  end  paraaicold  dentcies 
(e.g.  Flanders  1942,  Kochetova  1978,  Vaage  19821. 

I found  that  virgin  InterBediua  feaales  produced  only 
Bala  progeny  while  Bated  feaales  <paired  singly  with  Bales  for  1 
day  before  ceatlng)  produced  spproxiaately  egual  nuBbers  of  Bales 
and  females  when  each  feaale  was  provided  with  20  3rd-lnstar  host 
larvae.  B.  InterBediua  can  thus  be  said  to  be  arrhenocokous 
and  capable  of  producing  sale  offspring  froB  unfartiliied  eggs  and 
Consequently,  they  can  exert 
sex  ratio  of  their  progeny. 


feBsles  froB  fertilised  e 
considerable  control  over 


interaediuB  is  onl;  one  of  3 cooncn  parasltolds  of 
laafalners  on  coaato  In  Florida.  Studios  slnllar  to  chose 
described  for  internedius  should  also  be  nede  for  Qpius 
app.  and  ChrToonocoavia  spp.  parasicoida  of  leafainers.  In 
addition,  field  studies  should  be  aade  Co  validace  or  repudiate  the 
results  obtained  in  the  laboratory  studies.  Only  then  could  an  IPH 
pro^raa  based  on  hoat-parasitold  interactions  be  conaidered 

The  effect  of  Oplus  spp,  parasltoids  on  leafnlner  populations 
and  aethods  for  sampling  leafainer  and  parasltoid  populations  are 
presently  being  Investigated  in  Florida  by  other  workers.  These 
studies  would  coetpllaenc  Che  current  work  on  D.  internedlua. 

Further  sress  of  Investigation  should  include  field  validation  of 
Intermedius  and  Oplus  spp.  lahorscory  studies,  Isboracory 
and  flald  studiea  on  Chrysonotomyia  spp.,  and  invastigscions  of 
the  oechanisns  end  factors  Influencing  dispersal  of  these  Inaects 
in  crop  fields  and  aurrounding  areas. 

Because  of  the  dynaalc  nature  of  Interactions  between  organleas 
and  the  ability  of  orgeniaaa  to  respond  to  environaental  changes 
through  corapetlclve  dlsplsceoent , natural  selection,  evolution, 
dlapecsal  and  ocher  biological  phenomena,  results  of  studies 
covering  a short  period  of  cla#  aod  utillilng  e narrow  gene  pool  aay 
not  be  universally  valid.  Leafalaers  have  beea  shown  to  be 
susceptible  to  aony  Insecticides  only  to  becoo 
after  a period  of  continued  use  (see  Chapter  I 


pftstlctdee  w 


realization  c 
accuratelr  th 


tomato.  It  is  unlikely  that  the  use  of  chealcal 

r continued  use  of  chenlcal  pesticide  and  the 
additional  studiee  are  required  to  describe  acre 
ost-parasltold  Interactions,  neccealtatea  consider- 
ation of  alternatlre  leafeiner  nana^einenc  strategies.  It  la  possible, 

is  ineffective  at  high  tenperaturea  vhich  persist  for  a long  period 
during  the  grovlng  season.  If  this  is  indeed  the  case,  Chen  eiplo- 
ration  of  vsrner  cliDates  for  leafeiner  paraalcolds  say  provide 
alternative  parasitold  species  or  strains  that  could  be  Introduced 
into  Florida  and  could  glre  better  leafniner  population  regulation 
at  higher  teaperatures. 
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